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ON  THE  ACTION  OP  PEPTONE  IN  PREVENTING 
BLOOD  COAGULATION.  By  JOHN  P.  CAMPBELL, 
A.  B.y  Fellow  of  the  Johns  Hopkins  University. 

Since  Schmidt-Mnlheim's  discovery  of  the  fact  tliat  peptone 
injected  into  the  circulation  of  a  living  animal  would  prevent 
the  coagulation  of  its  blood,  if  drawn  shortly  after  the  injec- 
tioD,^^^  various  hypotheses  have  been  suggested  as  to  what  the 
nature  of  the  action  was.  Schmidt-Mulheim  himself  thought 
that  peptone  did  not  act  directly  upon  the  substances  taking 
part  in  the  formation  of  fibrin,  but  that  It  caused  something  to 
be  used  up,  which  must  be  present  in  order  that  coagulation 
might  take  place.  He  found  that  the  eflFect  of  peptone  in  pre- 
venting coagulation  passed  off  in  a  comparatively  short  time, 
but  that  the  blood  still  was  not  restored  to  its  former  condition, 
since  a  second  injection  of  peptone  had  no  effect  until  24  hours'had 
elapsed.  Peptone  disappears  from  the  blood  very  quickly,  and, 
according  to  his  observations,  none  is  found  in  the  urine.  He 
found  that  peptone  blood  was  not  incapable  of  coagulating,  for 
if  it  was  simply  allowed  to  stand  until  putrefactive  changes 
b^an,  a  firm  clot  was  produced.  He  concludes  that  the  peptone 
in  some  way  prevented  tfie  formation  of  fibrin  ferment. 

Fano  repeated  and  extended  this  work.**^  He  found  that  0.3 
gr.  of  peptone  to  each  kilo,  of  body  weight  was  the  most  favor- 
able quantity  to  inject,  when  all  was  injected  at  once.  A  much 
larger  amount  than  this  might  be  injected  at  intervals  without 
affecting  coagulation  in  the  least.  This  was  true  at  any  rate  for 
dogs.  Rabbits,  on  the  other  hand,  were  not  in  the  least  affected 
by  peptone  in  any  quantity ;  and  to  anticipate  a  little,  I  may  here 
say  that  T  have  found  that  cats  likewise  are  not  affected.  Fano 
explained  the  disappearance  of  peptone  by  supposing  that  it 
entered  into  a  combination  with  some  element  of  the  blood  and 
kept  it  from  taking  part  in  coagulation,  at  the  same  time  losing  its 
own  identity.  This  compound  he  thought  was  soon  removed  from 
the  blood,  and  not  enough  of  the  original  element,  whatever  it  was, 
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was  left  to  enter  iuto  a  combination  with  a  new  quantity  of  pep- 
tone injected  immediately  after  the  effect  of  the  first  injection  had 
passed  off.  He  fonnd  that  peptone  blood  might  be  made  to  clot 
by  adding  water  or  passing  carbon  dioxide  through  it,  the  latter 
acting  much  the  more  quickly.  Peptone  plasma,  on  the  other 
hand,  did  not  clot  so  readily  under  these  conditions ;  and  when 
the  white  corpuscles  were  very  thoroughly  removed  it  was  diffi- 
cult to  get  a  clot  at  all.  From  this  fact  Fano  concluded  that  the 
white  corpuscles  were  directly  affected,  and  that  in  some  way 
the  formation  of  ferment  from  them  was  prevented. 

Wooldridge^*^  has  advanced  the  view  that  peptone  prevents 
the  interaction  of  plasma  and  leucocytes  to  form  fibrin.  He 
believes  that  when  blood  is  drawn  the  plasma  itself  destroys  the 
leucocytes,  converting  them  into  fibrin,  and  at  the  same  time 
causing  them  to  give  up  ferment  which  coagulates  the  fibrinogen 
pre-existent  in  the  plasma.  He  thinks  that  the  injectiott  of  pep- 
tone in  some  way  takes  away  this  power  from  the  plasma. 

Pollitzer^'^  has  recently  shown  that  albumoses  possess  this 
elot-preventing  power  to  even  a  greater  extent  than  the  pure 
peptone.  He  also  succeeded  in  preventing  coagulation  by  draw- 
ing blood  into  solutions  of  peptone  or  albumoses,  which  Fano 
failed  to  do.  He  makes  the  statement  also  that  the  cat  is  sus- 
ceptible to  the  action  of  peptone,  but  that  larger  quantities  are 
necessary  than  for  dogs.  He  does  not,  however,  discuss  what  the 
probable  nature  of  the  process  is. 

All  of  these  hypotheses  are  unsatisfactory  since  they  involve 
much  speculation,  with  comparatively  little  experimental  sup- 
port.    Moreover,  no  one  of  them  will  account  for  all  the  facts. 

Further  work  on  the  subject  seemed  desirable  in  order  to 
reconcile  the  discrepancies,  if  possible,  or  decide  between  con- 
flicting views.  Fano's  idea  is  that  peptone  prevents  ferment 
formation,  while  Wooldridge  thinks  that  its  action  is  interfered 
with.  It  occurred  to  me  that  light  might  be  thrown  upon  this 
point  by  studying  the  effect  of  peptone  upon  the  coagulation  of 
fibrinogen  under  the  influence  of  ferment.  For  this  purpose 
fibrinogen  was  made  from  both  cat  and  terrapin  plasma  by  the 
ordinary  method  described  by  Hammarsten,  slightly  modified. 
Terrapin  plasma  was  obtained  by  simply  letting  the  blood  stand 
in  a  refrigerator.     Cat  plasma  was  in  one  or  two  cases  gotten  in 
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the  same  ^^aj,  but  this  was  uncertain,  bo  I  generally  used  MgS04 
plasma.  An  equal  volume  of,  saturated  NaCI  solution  was 
added  to  tlie  plasma,  and  in  a  few  minutes  an  abundant  precipi- 
tate was  formed.  This  was  filtered  off,  pressed,  and  dissolved  in 
about  one-third  of  the  original  volume  of  weaker  NaCl  solution 
(8  per  cent.).  To  this  was  again  added  an  equal  volume  of 
saturated  NaCl,  and  the  precipitate  was  again  dissolved  as 
before,  but  this  time  in  distilled  Water,  the  salt  clinging  to  the 
paper  being  sufficient  to  effect  the  solution.  Fibrinogen  pre- 
pared in  this  way  is  perfectly  free  from  paraglobulin,  since  after 
heating  it  to  57°  C.  for  a  few  moments  all  the  proteid  present  is 
precipitated. 

There  seemed  to  be  considerable  difference  in  the  proportion 
of  fibrinogen  present  in  these  two  sources,  cat  plasma  being 
much  the  richer.  The  original  precipitate  gotten  by  saturating 
cat  plasma  with  salt  was  certainly  much  more  abundant  than 
that  gotten  from  terrapin  plasma,  and  starting  with  equal 
volumes  of  plasma  from  the  two  sources,  and  subjecting  them  to 
the  same  treatment,  the  resulting  solution  of  fibrinogen  from  the 
cat  plasma  will  give  a  much  greater  heat  coagulum  than  the 
plasma  from  the  terrapin.  This  point  I-did  not  decide  quantita- 
tively, but  simply  from  the  amount  of  space  occupied  by  the  pre- 
cipitates after  settling.  Fibrin  ferment  was  made  by  Schmidt's 
method  essentially,  but  as  I  found  a  slight  modification  by  which 
a  ferment  which  is  very  active  and  at  the  same  time  very  free 
firom  albumin  could  be  gotten  in  a  short  time,  it  may  be  worth 
mentioning.  Alcohol  is  added  to  perfectly  fresh  ox  serum  in 
equal  volumes.  After  standing  24-48  hours,  the  coagulated 
proteid  is  freed  from  alcohol  by  filtration  and  then  extracted 
with  water  at  a  low  temperature  for  about  twelve  hours,  the 
volume  of  water  being  equal  to  that  of  the  original  serum.  The 
water,  containing  the  ferment  and  considerable  albumin  in  solu- 
tion, is  filtered  off  into  a  large  yolume  of  alcohol.  After  stand- 
ing two  or  three  days,  this  may  be  filtered  off  and  the  coagulated 
proteid  simply  spread  out  evenly  over  the  filter  paper  and 
allowed  to  dry.  Extracting  a  small  piece  of  this  paper  with 
water  gives  a  ferment  which  is  very  active,  and  gives  on  boiling 
hardly  a  perceptible  opalescence.  A  second  extraction  of  the 
original  proteid  will  also  give  an  active  ferment. 
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Some  of  the  peptone  used  was  made  according  to  the  method 
described  by  Maly/*^  and  some  y^s  commercial  peptone  made  by 
Merck.  The  latter  was  strongly  acid,  and  contained  albnmoses 
in  considerable  quantity,  but  there  was  also  much  peptone 
present. 

In  order  to  see  whether  all  or  part  of  the  clot-preventing  power 
of  peptone  was  due  to  action  upon  the  fibrinogen,  and  also  whether 
any  differences  existed  in  fibrinogen  from  different  animals,  ex- 
periments were  made,  from  which  the  following  are  selected  as 
examples. 

Experiment  No.  3. 

Fibrinogen  was  made  from  terrapin  plasma,  and  the  peptone 
was  some  which  I  made  myself.  It  was  neutral,  and  dialysed 
free  from  salts,  but  contained  albumoses.  Six  test-tubes  were 
prepared  as  follows : 

No.  1.  2  CO.  fibrinogen  solution  +  2  cc.  water. 


No.  3. 
No.  8. 
Ne.4. 
No.  5. 
No.  6. 


**  "      -H  3  cc.  ferment  solution. 

*'  **      +  **         **  ** +3  cc.  10%  peptone  solution. 

'*  "      -f- i  CC.  dog  serum. 

+  *'         * '  -h  1  CO.  10  %  peptone  solution. 


CI  (« 


These  were  kept  at  38°  C. .  In  a  few  minutes  No.  2  clotted, 
and  within  half  an  hour  No.  4.  No.  5  clotted  some  time  during 
the  night,  and  Nob.  1,  3  and  6  not  at  all. 

Experiment  No.  9. 

Fibrinogen  was  made  from  cat  plasma  which  was  gotten  by 
simply  cooling  the  blood.  The  various  solutions  were  added  in 
exactly  the  same  proportion  as  in  the  experiment  just  quoted, 
and  the  six  test-tubes  were  treated  in  the  same  way.  Here,  how- 
ever, a  different  result  was  gotten,  for  it  was  found  that  twice  the 
volume  of  10  per  cent,  peptone  solution  was  not  sufficient  to 
prevent  coagulation,  other  conditions  being  exactly  the  same  as 
in  the  former  experiment. 

This  appeared  to  indicate  the  existence  of  some  fundamental 
difference  between  the  specimens  of  fibrinogen  gotten  from  the 
two  sources,  and,  taken  together  with  the  fact  that  peptone 
injected  into   a  cat  is  without  effect,  seemed  significant.     A 
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number  of  other  conditions,  however,  must  be  taken  into  acconnt 
before  we  can  draw  any  such  conclusion.  It  is  perfectly  natural 
to  suppose  that  quantitative  differences  may  exist  in  the  elements 
of  the  blood  of  different  animals ;  but  we  would  hardly  expect 
to  find  qualitative  differences  of  a  fundamental  nature  in  a 
constituent  like  fibrinogen,  which  conducts  itself  in  so  many 
•  respects  in  the  same  way  whatever  be  the  source  from  which  it 
is  obtained. 

We  must  also  take  into  account  the  strength  of  the  ferment 
used.  In  Experiment  3  we  find  that  an  equal  volume  of  10  per 
cent,  peptone  solution  is  sufficient  to  prevent  the  action  of  strong 
ferment,  while  half  the  volume  is  not.  On  the  other  hand,  half 
the  volume  is  sufficient  to  prevent  the  action  of  dog  serum, 
which,  however,  acts  much  more  slowly  than  the  pure  ferment 
solution.  The  fact  remains,  however,  that  if  we  take  two  speci- 
mens of  fibrinogen  made  in  exactly  the  same  way,  and  add  to 
each  the  same  quantities  of  peptone  and  ferment,  that  made  from 
the  cat  will  clot,  while  that  from  the  terrapin  will  not. 

It  has  been  stated  above  that  fibrmogen  is  more  abundant  in 
cat's  blood  than  in  terrapin's.  Accordingly,'I  made  a  new  sup- 
ply of  fibrinogen  from  cat  plasma,  using  this  time  MgSO^ 
plasma,  and  getting,  finally,  a  solution  which  seemed  about  as 
strong  as  that  ordinarily  gotten  from  terrapin  plasma.  With 
this  I  made  the  following  experiment. 


EXPEEIMENT  No.  13. 

In  this  Merck's  peptone  was  used,  dissolved  in  5  per  cent. 
NaHCOs  until  a  neutral  solution  was  gotten,  and  then  diluted 
up  to  10  per  cent,  with  distilled  water.  Ten  test-tubes  were 
arranged  as  follows : 


Fibrinogen 
solafcion. 

Ferment 
solution. 

\ 

Peptone  solution. 

Water. 

No.    1 

1  OC. 

2cc. 

1  OC. 
<( 

(< 

(< 

(( 

<( 
<< 
<< 

1  CC. 

(t 

1  cc. 
1  cc.  5^  sol. 
}  cc.  5%  sol. 
1  cc.  10%  sol. 

1  cc. 

No.    2 

2  cc. 

No.    8 

<i 

No.    4 

1  cc. 

No.    6 

No.    6 

1  cc. 

No.    7 

No.   8 

No.   9 

No.  10 
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In  one  hour  these  were  found  as  follows :  No.  1  clotted  firmly : 
Nq.  2  clotted,  but  the  clot  very  loose  and  soft ;  No.  3  no  clot ; 
No.  4  no  clot ;  No.  5  clotted  firmly ;  No.  6  no  clot ;  No.  7  no 
clot;  No.  8  beginning  to  clot;  No.  9  clotted  tolerably  firm; 
No.  10  no  clot. 

During  the  night  Nos.  4  and  7  clotted,  and  after  about  four 
days  No.  10,  but  No.  3  stood  for  a  week  without  any  signs  of 
coagulating. 

Here,  then,  we  get  almost  the  same  results  as  with  terrapin 
fibrinogen.  It  appears,  then,  that  there  is  probably  no  funda- 
mental difference  in  fibrinogen  gotten  from  these  two  sources, 
but  that  it  is  only  a  difference  in  its  quantity  which  caused  the 
difference  in  result  in  the  previous  experiments.  The  action  is 
a  many-sided  one,  and  the  strength  of  each  of  the  three  elements 
must  be  taken  into  account.  In  the  last  experiment.  No.  8, 
which  never  clotted,  differed  from  No.  4,  which  clotted  only 
after  a  long  time,  in  containing  1  cc.  of  water.  This  of  course 
weakened  the  ferment  and  diluted  both  the  peptone  and  fibrin- 
ogen. Comparing  Nos.  1  and  4  with  Nos.  2  and  3,  we  see  that 
the  effect  of  peptone  is  most  marked  in  No.  3,  where  the  dilution 
is  greater,  and  where  the  coagulating  time,  if  peptone  were 
absent,  would  be  longer. 

In  attempting  to  account  for  the  effects  gotten  by  injecting 
peptone  in  this  way  we  meet  with  difficulties.  The  normal 
time  for  the  blood  of  any  animal  to  coagulate  when  drawn  is 
shorter  than  that  of  fibrinogen  with  even  the  strongest  ferment. 
Consequently,  for  a  given  volume  of  blood  we  would  expect 
even  more  than  twice  its  volume  of  10  per  cent.. peptone  solu- 
tion to  be  necessary  in  order  to  prevent  coagulation,  if  its  only 
effect  is  to  prevent  the  interaction  between  fibrinogen  and 
ferment.  This  quantity  is  much  greater  than  is  necessary  when 
peptone  solution  is  injected  into  the  blood-vessels. 

If  blood  be  drawn  into  a  solution  containing  enough  peptone 
to  afford  a  proportion  which  would  act  on  the  circulating  blood, 
it  will  coagulate  almost  as  usual.  On  the  other  hand,  drawing 
blood  from  either  the  dog  or  terrapin  into  an  equal  volume  of  10 
per  cent,  peptone  solution  will  generally  prevent  coagulation, 
though  this  is  not  invariable. 

Peptone  must  then  do  more  than  merely  prevent  the  action 
of  ferment  when  injected  into  an  animal.    Moreover,  certain 
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phenomena  observed  after  peptone  injection  remain  to  be  ac- 
counted for.  The  disappearance  of  peptone  is  not  explained ;  and 
even  supposing  this  to  be  not  at  all  connected  with  any  element 
of  the  blood,  we  still  cannot  account  for  the  failure  of  a  second 
injection  made  as  soon  as  the  effect  of  the  first  has  passed  off. 

If,  then,  peptone  does  not  merely  prevent  ferment  action,  can 
it  in  any  way  prevent  ferment  formation  ?  Wooldridge  claims 
that  no  ferment  exists  in  peptone  blood,  since,  by  coagulating 
the  proteids  with  alcohol  and  extracting  with  water,  he  did  not 
get  an  active  ferment.  Without  putting  too  much  confidence  in 
a  negative  experiment  like  this,  other  evidence  may  be  brought 
forward  in  support  of  the  correctness  of  the  view.  As  already 
stated,  peptone  blood  may  be  made  to  clot  in  various  ways,  as  by 
the  addition  of  water  or  COa,  or  by  putrefactive  processes. 
Peptone  plasma  may  be  made  to  clot  in  the  same  ways,  but  not 
so  readily,  and  the  more  thoroughly  the  corpuscles  are  removed 
the  more  difficult  the  clotting.  Peptone  plasma  from  the  terra- 
pin, in  which  the  corpuscles  settle  very  thoroughly,  may  be 
allowed  to  stand  indefinitely  and  putrefaction  will  not  cause 
it  to  coagulate.  Schmidt-Mulheim  believes  that  in  putrefac- 
tion a  ferment  is  furnished  which  directly  causes  the  coagula- 
tion of  the  blood  and  takes  the  place  of  fibrin  ferment.  Against 
this  may  the  urged  the  fact  that  putrefaction  will  not  cause  the 
coagulation  of  fibrinogen  solution,  nor  will  it  cause  plasma  to 
coagulate  from  which  all  the  corpuscles  have  been  very  thor- 
oughly removed.  The  same  is  true  of  the  addition  of  water  or 
GO3.  We  must  assume,  then,  that  the  action  of  these  substances 
is  upon  some  element  of  the  blood  which  can  yield  ferment,  but 
which  has  been  prevented  from  so  doing  by  the  peptone.  But 
we  have  the  disappearance,  or,  at  any  rate,  the  partial  disappear- 
ance, of  peptone  from  the  circulating  blood  to  account  for,  also 
the  failure  of  a  second  injection  to  prevent  coagulation  when 
made  soon  after  the  effect  of  the  first  has  passed  off. 

Until  it  is  definitely  settled  where  fibrin  ferment  is  formed, 
we  cannot  do  more  than  speak  provisionally  in  regard  to  ways 
in  which  its  formation  might  be  prevented.  The  theory  that 
ferment  comes  from  plaques  is  certainly  coming  more  into  favor, 
but  Schmidt's  theory  cannot  yet  be  said  to  be  entirely  sup- 
planted, since  the  coagulation  of  lymph,  in  which  plaques 
probably  do  not  exist,  cannot  be  explained  unless  we  suppose 
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the  leucocytes  to  take  some  part  in  it,  neither  can  we  explain 
why  it  is  that  lymph  from  a  peptonized  animal  will  not  clot 
unless  an  element  common  to  both  blood  and  lymph  is  involved. 

Bizzozero^^  states  that  in  peptone  blood  the  plaques  are  per- 
fectly well  preserved  until  coagulation  begins,  when  they  break 
down,  just  as  they  do  in  normal  blood.  In  blood  that  is  not 
quite  thoroughly  peptonized  I  have  seen  large  granular  masses 
having  the  plaques  broken  down  on  one  side  and  quite  distinct 
on  the  other.  Where  they  were  broken  down  fibrin  was  found 
radiating  out  in  abundance,  but  where  they  were  distinct  there 
was  little  or  no  fibrin.  It  cannot  be  regarded  as  absolutely 
proved  that  changes  in  the  plaques  are  not  produced  by  ferment, 
instead  of  being  simply  associated  with  its  formation. 

On  Schmidt's  theory  it  seems  to  me  perfectly  possible  to  ex- 
plain the  action  of  peptone,  and  many  analogies  and  considerable 
positive  evidence  may  be  brought  forward  in  support  of  this 
view.  Hofmeister^®^  claims  that  whenever  free  peptone  gets 
into  the  blood  some  of  it  almost  immediately  appears  in  the 
urine.  The  proportion  depends  upon  circumstances;  for,  if  he 
injected  a  small  quantity  (not  sufficient  to  prevent  coagulation), 
he  got  back  as  much  as  80  per  cent,  in  the  urine.  The  rest  he 
thought  was  taken  up  in  certain  of  the  tissues.  If,  however,  he 
injected  sufficient  to  prevent  blood  coagulation,  he  got  back  only 
about  30  per  cent,  in  the  urine.  While  it  must  be  admitted  that 
there  are  no  satisfactory  methods  for  the  accurate  determination 
of  peptone,  differences  so  great  as  these  are  probably  significant; 
they  indicate ^that  in  the  process  of  preventing  coagulation  some 
of  the  peptone  is  used  up.  The  most  natural  explanation  of  this 
disappearance  seems  to  me  to  be  that  the  leucocytes  directly  take 
up  tiie  peptone,  and  in  consequence  are  themselves  so  changed 
as  to  prevent  whatever  processes  ordinarily  take  place  resulting 
in  the  formation  of  ferment. 

Schafer  has  shown  clearly  the  important  part  played  by  leuco- 
cytes in  the  absorption  of  fat,<®^  and  he  thinks  it  very  probable 
that  other  digestive  products  are  taken  up  in  the  same  way. 
Hofmeister  strongly  advocates  the  view  that  leucocytes  in  the 
subepithelial  tissue  of  the  digestive  tract  directly  take  up  pep- 
tone. Whether  all  these  absorptive  leucocytes  take  the  same 
course  is  uncertain  ;  those  which  contain  fat-drops  undoubtedly 
get  into  the  chyle  and  there  disintegrate,  but  the  fate  of  those 
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'which  carry  other  products  which  cannot  be  followed  by  the 
microscope  is  not  so  easily  determined.  At  any  rate,  the  namber 
of  leucocytes  in  the  blood  is  greater  during  digestion  than  at 
other  times,  and  this  seems  to  indicate  that  they  are  in  some  way 
connected  with  the  process  of  absorption.  From  the  fact  that 
cells  containing  fat^drops  disintegrate  in. the  chyle  we  can  argue 
nothing  as  to  the  fate  of  cells  containing  peptone,  since  leuco- 
cytes may  not  be  able  to  digest  fat,  while  they  probably  can 
assimilate  peptone. 

We  are  hardly  in  a  position  to  assume  a  different  faculty  in 
leucocytes,  by  which  those  containing  peptone  travel  into  the 
blood  capillaries  while  those  containing  fat  get  into  the  chyle ; 
but  if  leucocytes  do  play  this  part  in  absorption,  and  if  it  be  true, 
as  generally  supposed,  that  peptone  goes  by  the  portal  system, 
wo  are  compelled  to  make  such  an  assumption.  If  this  be  so,  we 
cannot  argue  from  the  fate  of  leucocytes  which  carry  fat  to  the 
chyle  as  to  the  fate  of  those  which  carry  peptone  to  the  blood, 
fiince  the  two  media  in  all  probability  present  different  conditions. 

The  absence  of  dissolved  peptone  from  the  blood  during  diges- 
tion is  certainly  most  readily  accounted  for  in  this  way,  and  if 
this  view  is  correct,  we  would  also  look  for  differences  in  leuco- 
cytes. We  would  expect  those  which  have  just  come  from  the 
digestive  tract  laden  with  digestive  products  to  be  different 
from  those  which  have  been  for  some  time  in  the  circulation 
and  have  more  or  less  assimilated  or  altered  their  absorbed  matters. 
Those  who  hold  to  the  view  that  ferment  comes  from  leucocytes 
maintain  that  only  a  certain  form  is  concerned,  and  that  other 
varieties  have  no  share  in  the  process.  Now,  whatever  be  the 
origin  of  different  forms  of  leucocytes,  there  is  probably  no 
fundamental  difference  between  them ;  and  any  apparent  differ- 
ences may  be  explained  on  the  supposition  that  their  states  of 
nutrition  are  different.  If  itis  possible  far  the  leucocytes  that 
ha/oe  worked  over  their  supply  of  food  material  to  be  gotten  back 
into  the  condition  of  those  which  do  not  undergo  change  to  form 
ferment,  the  action  is  explained.  This  does  not  seem  at  all 
impossible.  Metschnikoff's  theory  of  intracellular  digestion  is 
strongly  in  support  of  the  view  that  leucocytes  may  pick  up 
peptone,  at  any  rate  if  any  considerable  amount  were  free  in  the 
blood,  and  Greenwood's  observations   also  favor  this  viow.^^*^ 
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Here  we  see  why  a  considerable  amount  of  peptone  must  be 
injected  at  once,  for  in  very  slow  injections  the  kidneys  will 
excrete  it  as  fast  as  it  goes  in,  and  the  leucocytes  will  not  be 
called  into  play  at  all.  There  is  also  some  pathological  sup- 
port for  this  view.  Hofmeister  has  shown  that  peptone  is  con- 
tained in  pus,  and  that  it  is  held  by  the  corpuscles  and  not 
dissolved  in  the  serum.  He  found  that  anything  which  caused 
the  cells  to  disintegrate  set  free  the  peptone.  Now,  during  pus 
formation,  peptone  is  found  in  the  urine,  and  this  Hofrneister 
takes  to  indicate  that,  owing  to  the  disintegration  of  the  cells, 
free  peptone  has  got  into  the  blood. 

Another  point  which  seems  to  favor  the  view  that  leucocytes 
are  acted  upon  is  the  effect  of  peptone  upon  the  proteids  of  the 
plasma.  By  parallel  determinations  I  have  found  that  the  total 
proteids  of  peptone  plasma  are  greater  than  normal.  The  deter- 
minations were  made  as  follows  :  A  terrapin  was  bled  into  a  tube 
packed  with  ice,  and  a  measured  portion  of  the  blood  thoroughly 
mixed  with  an  equal  volume  of  perfectly  neutral  10  per  cent, 
peptone  solution,  and  allowed  to  stand  at  the  temperature  of  the 
room  usually  about  15  hours.  By  this  time  the  corpuscles  had 
settled,  leaving  the  plasma  above  perfectly  clear.  The  determi- 
nations were  made  by  dropping  measured  quantities  of  plasma 
(10  cc.  of  the  peptone  plasma  and  5  cc.  of  the  normal)  into  about 
50  cc.  of  boiling  water  to  which  5  cc.  of  a  saturated  solution  of 
ammonium  sulphate  had  been  added.  This  was  made  faintly 
acid  with  acetic  acid  and  boiled  gently  for  a  few  minutes.  The 
precipitate  was  collected  on  a  weighed  filter,  washed  thoroughly 
with  water  and  hot  alcohol,  and  then  dried  and  weighed. 

My  figures  calculated  for  100  cc.  of  blood  are : 

Total  proteids  in  normal  plasma 2.834  gr. 

Total  proteids  in  peptone  plasma 8.082  gr.^ 

Now,  Schmidt-Mulheim  found  no  difference  in  the  total  pro- 
teids of  dog's  blood  peptonized  inside  the  body ;  and  Fano^'^  found 
a  diminution  which  he  took  to  indicate  that  some  of  the  proteids 
were  used  up  in  the  process.  The  results  gotten  by  the  former 
are  probably  due  to  the  fact  that  the  very  minute  increase  which 

*  These  results  are  lower  than  those  gotten  by  Howell  (Stud.  Biol.  Lab.  Vol. 
II,  p.  52)  for  normal  terrapin  blood,  but  there  is  considerable  variation  in  indi- 
vidual cases. 
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could  be  expected  under  the  conditions  in  which  he  worked 
would  be  quite  within  the  limits  of  experimental  error.  Fauo's 
results  I  cannot  explain,  since  he  does  not  give  his  metliod  of 
making  the  determinations,  but  from  some  of  my  earlier  experi- 
ments I  think  it  possible  that  his  peptone  solution  may  have 
been  acid,  and  thus  caused  the  formation  of  acid  albumin.  Fano 
also  analyzed  normal  serum,  and  from  this  calculated  the 
amount  of  proteid  in  normal  plasma.  This  result  he  compared 
with  peptone  plasma,  but  of  course  little  confidence  can  be  put 
in  this  method.  With  the  conditions  under  which  my  work  was 
done  there  was  opportunity  for  the  leucocytes,  if  they  possessed 
at  all  the  power  of  picking  up  peptone  and  converting  it  over 
into  coagulable  albumin,  to  exercise  this  power  to  the  utmost.  I 
have  not  tried  the  effect  of  allowing  the  blood  to  stand  in  contact 
with  peptone  for  varying  times,  consequently  I  am  not  able  to 
Bay  what  the  rate  of  transformation  is,  nor  have  I  tried  the  effect 
of  adding  peptone  to  plasma  free  from  corpuscles.  It  seems  to 
me,  however,  that  the  inefficacy  of  a  second  injection  following 
the  first  at  a  short  interval  must  be  in  some  way  connected  with 
the  fact  that  the  leucocytes  are  not  in  a  condition  to  take  up  and 
work  over  a  second  supply  until  after  a  certain  time  has  elapsed. 
On  the  other  hand,  the  increase  in  total  proteids  may  also  have 
its  effect,  for  in  cat's  blood,  in  which  the  percentage  ol  total  pro- 
teids is  high,  even  the  first  injection  does  not  prevent  coagu- 
lation.^ 

The  tendency  to  coagulate  shown  by  cat's  blood  is  very  strong, 
other  anti-coagulants  which  work  perfectly  well  on  dog's  blood 
being  without  effect  on  cat's.  Heycraft's  "  leech  extract "  ^"^  does 
not  at  all  prevent  coagulation  in  cat's  blood.  That  this  is  to  be 
explained  by  any  differences  iti  the  leucocytes  seems  to  me 
unlikely;  more  probably,  in  some  way  the  large  percentage  of 
coagulable  albumin  in  cat's  blood  is  connected  with  the  different 
result. 

*  Ih  this  point  I  am  unable  to  confirm  Pollitzer's  statement.  I  have  made 
about  ten  attempts,  using  peptone,  which  worked  perfectly  well  on  dogs,  and 
varying  the  quantities.  4  gr.  injected  into  a  cat  weighing  1.23  kilos  was  without 
effect  on  the  blood,  although  the  physiological  effects,  anaesthesia,  etc.,  were 
very  marked.  I  have  in  single  cases  succeeded  in  delaying  the  coagulation  of 
cat's  blood  by  injecting  peptonized  dog's  blood.  In  one  case  an  injection  of  160 
00.  of  dog's  blood  into  a  cat  weighing  3.3  kilos  produced  unconsciousness,  and 
kept  the  blood  from  coagulating  for  nearly  an  hour. 
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To  recapitulate : 

1.  The  mere  presence  of  peptone  is  unfavorable  to  the  forma- 
tion of  fibrin  from  fibrinogen,  and  this  influence  is  the  more 
marked  in  proportion  as  the  time  of  coagulation  is  greater. 

2.  The  above  fact  will  not  account  for  all  the  phenomena. 
The  proportion  of  peptone  which-  will  work  inside  the  body  will 
not  prevent  coagulation  when  added  to  the  blood  outside  the 
body,  and  the  disappearance  of  the  peptone  is  not  explained,  nor 
is  the  inefScacy  of  a  second  injection. 

3.  A  larger  proportion  is  needed  outside  the  body  because 
there  its  effect  is  to  prevent  the  action  of  ready-formed  ferment, 
while  inside  the  body  it  may  prevent  ferment  formation. 

4.  What  occurs  is  probably  as  follows :  If  peptone  be  injected 
slowly,  much  of  it  is  excreted  by  the  kidneys.  If  a  large  quantity 
is  injected  quickly,  the  leucocytes,  or  some  of  them,  will  directly 
take  up  the  greater  part  of  it,  and  in  this  act  they  are  so  changed 
as  to  be  incapable  of  taking  part  in  blood  coagulation. 

5.  As  soon  as  the  circulating  blood  has  regained  its  coagulating 
power  a  fresh  peptone  injection  is  inefficient,  because  the  leuco- 
cytes have  not  yet  used  up  the  last  supply,  and  have,  so  to  speak, 
as  yet  no  appetite  for  more. 

In  conclusion,  I  wish  to  express  my  thanks  to  Prof.  Martin 
and  Dr.  Howell  for  many  valuable  suggestions. 
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NOTE  ON  THE  SPECIFIC  ENEBGY  OF  THE 
NERVES  OF  TASTE.  By  W.  H.  HOWELL,  Ph.  D., 
and  J.  H.  KASTLE,  S.  B. 

It  is  generally  admitted  amongst  physiologists  at  present  that 
our  taste  sensations  can  be  reduced  to  the  four  primary  sensa- 
tions of  sweet,  bitter,  acid,  and  salty.  Of  these,  sweet  and  bitter 
are  pure  gustatory  sensations,  that  is,  they  result  from  stimula- 
tion  of  the  taste  nerves  alone,  while  acid  sensations,  unless  the 
acid  used  is  very  dilute,  are  accompanied  by  sensations  caused 
by  the  simultaneous  stimulation  of  the  nerves  of  general  feeling 
in  the  tongue ;  and  the  same  is  true,  though  to  a  less  extent,  of 
aalty  taste  sensations.  All  other  taste  sensations  that  we  are 
accustomed  to  distinguish  may  be  regarded  as  resulting  from  the 
combination  of  two  or  more  of  these  primary  sensations,  or  from 
a  union  of  one  or  more  of  the  taste  sensations  with  the  ordinary 
common  sensations  or  touch  sensations  of  the  tongue. 

Granting  that  we  have  these  four  primary  taste  sensations,  it 
becomes  a  question  whether  or  not  each  is  mediated  by  its  own 
set  of  nerve  fibres.  That  is,  may  one  and  the  same  nerve  fibre 
give  at  one  time  a  sweet  and  at  another  time  a  bitter  or  acid 
sensation  according  to  the  character  of  the  sapid  body  used,  or 
does  each  nerve  fibre  when  stimulated,  if  it  responds  at  all,  give 
only  one  sensation  ?  The  latter  supposition  is  the  one  usually 
accepted,  inasmuch  as  all  the  phenomena  known  with  regard  to 
taste  sensations  are  readily  explained  by  its  aid;  so  that  it  is 
customary  to  speak  of  sweet  nerve  fibres,  bitter  nerve  fibres,  etc., 
in  the  same  sense  as  we  speak  of  red  nerve  fibres  and  green 
nerve  fibres  amongst  the  visual  nerves,  or  of  heat  nerves  and 
cold  nerves  in  describing  the  temperature  sensations.  While 
the  doctrine  of  specific  nerve  energies  seems  to  meet  all  the 
requirements,  at  least  better  than  any  other  theory,  no  good 
proof  of  its  correctness  with  regard  to  gustatory  sensations  has 
yet  been  offered.  It  is  known  that  the  taste  sensations  of  differ- 
ent parts  of  the  tongue  differ  from  one  another,  and,  moreover. 
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that  in  certain  persons  one  portion  of  the  tongue  may  be  insensi- 
tive to  one  or  more  of  the  different  tastes  —  facts  which  point  to 
the  doctrine  of  separate  nerves  for  each  taste.  But  perhaps  the 
best  probable  proof  would  be  obtained  if  it  could  be  shown  that 
one  substance,  chemically  pure,  is  able  to  arouse  distinctly  dif- 
ferent sensations  of  taste  upon  different  parts  of  the  tongue. 
Very  many  observations  of  this  kind  have  been  made  by  Horn, 
Picht,  Guyot,  Lussana  and  Inzani  upon  a  great  many  different 
substances,  but  the  results  as  tabulated  by  v.  Vintschgau  in  the 
third  volume  of  Hermann's  Handbuch  der  Physiologic  show 
that  they  have  met  with  but  little  success.  The  results  obtained 
by  the  different  observers  do  not  agree  amongst  themselves,  and 
in  no  case  was  a  substance  found  which  gave  distinctly  different 
taste  sensations  upon  different  parts  of  the  tongue.  Perhaps  the 
most  satisfactory  substance  obtained  was  sodium  sulphate,  which, 
according  to  Guyot,  tastes  distinctly  salty  upon  the  tip  of  the 
tongue  and  distinctly  bitter  upon  the  back,  and  Lussana  and 
Inzani  also  report  the  same  difference.  But  Horn,  and  also 
Picht,  state  that  this  substance  tastes  acid  upon  the  tip  of  the 
tongue  and  bitterish  and  salty  upon  the  back. 

During  the  past  session  a  substance  was  brought  to  our  atten- 
tion which  shows  this  peculiarity  in  a  very  distinct  way,  and  the 
observations  that  we  made  upon  it  seem  worth  recording,  since 
it  is,  perhaps,  the  best  single  proof  of  the  specific  energy  of  the 
taste  fibres.  The  substance  in  question  goes  by  the  name  of 
para-brom-benzoic  sulphinide,  and  is  one  of  a  group  of  bodies 
made  in  the  chemical  laboratory  of  this  University  under  the 
direction  of  Prof.  Remsen,  and,  as  far  as  we  know,  not  made 
elsewhere.  The  chemical  structure  of  the  body  may  be  repre- 
sented by  the  formula 

being  the  bromine  derivative  of  benzoic  sulphinide,  which  has 
the  formula  ^^^^  |  CO  ^^^^ 

This  latter  substance  is  intensely  sweet,  and  has  lately  come  into 
the  market  as  a  substitute  for  sugar  under  the  name  of  saccha- 
rine, while  the  bromine  compound  upon  which  most  of  our 
observations  were  made  is  sweet  upon  one  part  of  the  tongue  and 
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bitter  upon  another  part.  The  sample  used  by  as  was  chemically 
pure,  and  'the  general  result  of  our  experiments  showed  that  on 
the  back  of  the  tongue,  t.  e.  in  the  region  of  the  circumvallate 
papillae,  along  the  borders  of  the  posterior  half  of  the  tongue, 
and  on  the  soft  palate,  it  gives  a  very  strong  and  pure  bitter 
taste,  while  on  the  tip  and  along  the  borders  of  the  anterior  half 
of  the  tongue  it  gives  a  sweet  taste. 

The  substance  was  tried  upon  about  twenty  persons,  although 
the  most  careful  experiments  were  made  upon  ourselves.  In  ex- 
perimenting, we  usually  had  three  solutions  —  one  of  sugar,  10 
per  cent.,  one  of  quinine,  and  one  of  the  brom-sulphinide — which 
were  warmed  to  the  temperature  of  the  tongue  to  prevent  the 
sensation  of  a  cold  body  which  would  otherwise  be  aroused. 
The  person  experimented  upon  had  one  of  these  three  solutions, 
which  one  of  course  he  did  not  know,  dropped  upon  a  given 
portion  of  his  tongue  by  another  person.  The  portion  of  the 
tongue  stimulated  was  not  allowed  to  touch  any  other  part  of  the 
mouth  cavity.  The  sensations  aroused  were  written  down  and 
numbered,  and  afterwards  compared  with  the  list  of  substances 
used  by  the  person  experimenting.  Our  results  were  always  the 
same  as  far  as  the  tip  and  the  circumvallate  region  of  the  tongue 
were  concerned.  Upon  the  latter  the  brom-sulphinide  caused  an 
intense  bitter  taste,  while  upon  the  tip  it  caused  a  distinct, 
though  not  very  strong,  sweet  taste,  which  was  sometimes  re- 
ported simply  as  sweet,  at  other  times  as  metallic  sweet,  or  sweet 
and  slightly  acid.  It  may  be  well  to  state  that  both  of  us  have 
a  strong  sensation  of  bitter  tpon  the  tip  of  the  tongue  when 
stimulated  by  quinine.  Upon  the  borders  of  the  anterior  half 
of  the  tongue  the  sensation  caused  by  the  brom-sulphinide  was  the 
same  as  upon  the  tip,  while  along  the  borders  of  the  posterior 
half  the  sensation  was  an  intense  bitter.  Upon  the  middle  of  the 
dorsal  surface  of  the  tongue  no  taste  sensation  at  all  was  aroused, 
nor  upon  the  hard  palate.  Upon  the  soft  palate  the  results  were 
somewhat  variable;  the  sensation  was  sometimes  described  as 
bitter  alone,  sometimes  as  sweet,  or  sweetish  quickly  followed  by 
a  strong  bitter. 

The  responses  made  by  the  other  persons  upon  whom  the  sub- 
stance was  tried  were  somewhat  variable.  All  of  them  stated 
that  upon  the  posterior  part  of  the  tongue,  circumvallate  region. 
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the  sensation  was  very  intensely  bitter,  eqnal  to  or  stronger  than 
that  caused  by  quinine.  Upon  the  tip  of  the  tongue  some  of 
them  described  the  sensation  as " metallic  or  acid  sweet,"  "sweet 
and  slightly  astringent,"  while  most  of  them  described  it  simply 
as  sweet  or  sweetish,  though  when  questioned  they  usually  added 
that  it  was  slightly  astringent  or  metallic ;  so  that  in  most  cases 
without  doubt  the  brom-sulphinide  on  the  tip  of  the  tongue 
stimulates  the  nerves  of  general  sensation  as  well  as  the  "  sweet 
nerves."  The  sweet  sensation  on  the  tip  was  always  much  more 
distinct  if  the  tongue  was  rubbed  gently  against  the  back  of  the 
teeth,  as  we  would  expect. 

In  several  of  the  persons  experimented  on  the  sensation  upon 
the  tip  of  the  tongue  was  given  as  first  slightly  bitter  and  then 
sweet,  and  we  ourselves  toward  the  end  of  the  experiment  were 
generally  able  to  detect  both  these  sensations  in  the  order  named, 
especially  if  we  knew  that  the  brom-sulphinide  was  to  be  used. 
This  seems  rather  curious  when  we  remember  that  the  reac- 
tion time  of  the  tip  of  the  tongue  for  quinine,  according  to 
the  experiments  of  v.  Vintschgau  and  Honigschmied,  is  decidedly 
greater  than  for  sugar.  One  would  have  supposed  that  in  this 
case,  if  the  substance  was  capable  of  causing  both  a  bitter  and  a 
sweet  sensation  on  the  tip  of  the  tongue,  the  sweet  sensation 
would  have  been  developed  first.  The  fact  that  it  was  not  seems 
to  show  that  the  reaction  time  as  determined  for  quinine  and 
sugar  respectively  cannot  be  accepted  as  true  for  all  other  bitter 
or  sweet  substances.  We  have  met  with  but  one  person  upon 
whom  this  substance  has  failed  to  give  both  a  sweet  and  a  bitter 
taste  in  the  places  described.  In  this  case  the  sensation  caused 
upon  the  circumvalla{^^region  was,  as  in  other  persons,  intensely 
bitter,  while  upon  the  tip  of  the  tongue  the  sensation  was  de- 
scribed sometimes  as  slightly  bitter,  sometimes  as  salty  and 
bitterish.  This  was  not  owing  to  a  lack  of  sensitiveness  to  sweet 
substances  on  the  tip,  since  sugar  gave  a  decidedly  sweet  sensa- 
tion. 

It  seems  to  us  that  these  results  show  beyond  doubt  that  a 
chemically  pure  substance  can  arouse  difierent  taste  sensations 
upon  different  parts  of  the  tongue,  a  fact  which  goes  a  long  way 
towards  proving  that  each  taste  sensation  is  provided  with  its  own 
set  of  nerve  fibres.     The  action  in  this  case  is  more  interesting, 
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perhaps,  in  that  the  two  sensatjons  aronsed,  sweet  and  bitter,  are 
those  which  are  universally  acknowledged  to  be  pnre  taste  sensa- 
tions. The  results  obtained  by  us  can  be  explained  by  supposing 
that  the  brom-sulphinide  stimulates  both  the  bitter  and  the  sweet 
fibres,  and  that  upon  the  posterior  portion  of  the  tongue,  where, 
as  is  well  known,  the  bitter  taste  is  most  developed,  the  stimula- 
tion of  the  bitter  fibres  is  so  strong  that  only  this  sensation  is 
perceived,  while  upon  the  tip  of  the  tongue,  where  the  bitter 
fibres  are  less  numerous,  the  sensation  aroused  by  the  stimulation 
of  the  sweet  fibres  predominates,  though,  as  was  stated,  several 
persons  were  able  to  recognize  both  sensations. 

We  had  intended  to  try  the  same  substance  upon  some  of  the 
lower  animals  and  determine  what  efiect  would  be  produced  by 
section  of  one  or  other  of  the  gustatory  nerves.  We  were  unable, 
however,  to  get  an  animal  whose  sense  of  taste  was  sufficiently 
delicate  to  lead  us  to  suppose  that  any  certain  results  could  be 
obtained.  Although  the  brom-sulphinide  has  such  a  disagreeably 
bitter  taste  upon  the  posterior  part  of  the  tongue  in  man,  neither 
it  nor  quinine  seemed  to  have  much  efiect  upon  the  animals  we 
nsed — dogs,  rabbits  and  cats — if  one  could  judge  their  sensations 
from  their  actions.  Our  experience  with  these  animals  has  led 
us  to  doubt  very  much  the  value  of  the  experiments  made  by 
various  observers  upon  dogs  with  regard  to  the  effect  of  section 
of  the  glossopharyngeal  or  lingual  nerves  upon  the  sense  of  taste 
in  different  parts  of  the  tongue  or  palate. 

We  made  a  number  of  experiments  also  upon  the  benzoic 
sulphinide,  saccharine,  the  substance  from  which  the  brom-sul- 
phinide is  derived,  which  gave  us  somewhat  interesting  results. 
With  some  persons  this  substance  arouses  only  a  very  sweet 
sensation,  whether  placed  on  the  tip  or  the  root  of  the  tongue. 
With  others,  however,  while  it  caused  a  strong  sweet  sensation 
upon  the  tip,  when  placed  npon  the  root  in  the  region  of  the 
circumvallate  papillae  it  caused  first  a  sweet,  then  a  bitter  sensa- 
tion, and  frequently  the  two  sensations  rapidly  alternated  with 
each  other,  reminding  one  very  much  of  the  conflict  of  the  visual 
fields  when  two  different  colors  are  thrown  upon  corresponding 
points  of  the  two  retinas ;  the  stimulation  of  the  two  kinds  of 
taste  fibres  in  this  case  being  so  strong  that  neither  one  could 
overehadow  the  other,  and  the  mind  perceived  first  one,  then  the 
other* 


THE    INFLTJENCE    OF    WARMTH    UPON    THE 
IBBITABILITT    OF    FBOG'S    MUSCLE    AND 

NERVE.     By  CHARLES  L.   EDWARDS,  A.  M.     With 
Plate  IV. 

HiSTOBIOAL. 

At  the  suggestion  of  Dr.  Howell  the  following  experiments 
were  undertaken  to  demonstrate  the  eifects  of  warmth  upon  the 
irritability  of  frog's  muscle.  The  historical  resume  is  brief,  for 
although  a  number  of  investigators  have  given  hints,  only  two, 
Marey  and  Schmulewitsch,  have  given  us  important  results  con- 
cerning this  phase  of  muscle  activity. 

Helmholtz,^^^  whose  classical  researches  have  furnished  the 
foundation  for  the  modern  investigation  of  muscle  phenomena, 
seems  not  to  have  mentioned  the  influence  of  warmth,  although 
he  noticed  that  of  cold,  upon  muscle  contraction.  E.  J.  Marey,^^^ 
in  1868,  with  new  and  much  improved  methods,  was  enabled  to 
record  very  elaborately  his  results. 

The  frog's  gastrocnemius  was  placed  in  a  metallic  case  sur- 
rounded by  a  second  case,  while  in  the  annular  space  between 
the  two  warm  water  was  made  to  flow.  The  eflfects  of  heating 
the  muscle  he  divided  into  two  periods.  In  the  first,  the  period 
of  "  excitation  of  muscular  action,"  the  simple  contraction  is 
shorter  and  stronger  as  the  temperature  rises,  provided,  however, 
it  does  not  exceed  30°  to  36**  C.  In  the  second  period,  that  of 
**  alteration  of  the  muscle  by  warmth,  and  loss  of  irritability,"  if 
the  warmth  be  increased  from  the  previous  limit  of  36°  C,  the 
height  of  the  contraction  decreases  and  the  muscle  does  not 
regain  its  normal  length,  so  that  each  contraction,  curve  shows  a 
marked  contracture.  If  the  muscle  is  warmed  by  submitting  it 
immediately  to  a  temperature  of  46°  to  60°  C.  this  result  of  the 
second  period  may  be  obtained  at  once  without  the  occurrence 
of  the  first  period. 

To  these  two  periods  a  third  should  be  added  in  the  ^^Nvllr 
punkt^^  of  J.  Schmulewitsch.^'^  Schmulewitsch  placed  the  frog's 
gastrocnemius  in  a  vessel  containing  0.66  per  cent.  NaCl  solution, 
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over  the  rim  of  which  the  nerve  was  carried  to  the  stimnlating 
electrodes,  so  that  it  was  not  submitted  to  the  same  temperature 
as  the  muscle.  The  muscle  was  warmed  by  placing  the  vessel 
.in  which  it  was  fastened  in  a  larger  vessel  containing  water  of  a 
constant  temperature  of  from  46®  to  47^  C,  by  means  of  which  it 
could  be  heated  to  any  given  temperature.  At  a  certain  tem- 
pera^ture,  varying  with  individual  muscles  from  37®  to  41.5®  C, 
the  muscle  loses  its  irritability — reaches  the  ^^NuH-jpunkt?'*  The 
irritability  could  be  restored  by  bringing  the  muscle  to  a  lower 
temperature  again.  The  cooling  was  done  in  one-half  minute 
by  means  of  fresh  cool  NaCl  solution. 

In  Marey's  results  the  gradual  loss  of  irritability  was  associ- 
ated with  heat  rigor.  But  the  fact  discovered  by  Schmulewitsch, 
and  shown  in  this  paper,  that  a  complete  loss  of  irritability  can 
be  obtained  without  any  heat  rigor,  thus  making  the  latter  quite 
distinct,  makes  it  necessary  to  add  a  fourth  period,  that  of  Keat 
rigoTy  to  the  preceding. 

According  to  Hermann,^*^  heat  rigor  was  first  observed  by 
Pickford. 

Oh.  Rouget^*^  noticed  that  the  extent  of  the  heat  rigor  short- 
ening is  equal  to  that  of  the  highest  contraction,  and  he  de- 
clared them  to  be  of  the  same  nature. 

W.  Preyer^'^  found  that  after  the  muscle  had  gone  into  rigor 
its  irritability  could  be  regained  if,  in  addition  to  restoring  the 
circulation,  the  muscle  was  bathed  in  10  per  cent.  NaCl  or  certain 
other  solutions. 

Apparatus. 

The  apparatus  I  used  for  warming  the  muscle  consisted  essen- 
tially of  a  double-walled  brass  cylinder,  h  of  Plate  IV,  about 
11.5  cms.  long  and  6  cms.  wide.  The  distance  between  the 
outer  and  inner  walls  of  the  cylinder  was  1  cm.,  and  through  this 
space  warm  or  cool  water  was  made  to  pass  from  a  reservoir,  a, 
in  which  the  water  was  always  kept  some  two  or  three  degrees 
higher  than  that  to  which  it  vas  desired  to  have  the  cylinder 
heated.  In  this  way  the  cylinder  could  be  warmed  slowly  or 
quickly  to  any  given  point  and,  when  desired,  its  temperature 
could  be  kept  constant  within  half  a  degree  for  any  length  of 
time.     The  muscle  to  be  warmed  was  placed  within  the  space 
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enclosed  by  the  inner  cylinder.  The  cover  of  the  cylinder  is  of 
hard  rubber,  c,  containing  binding  screws  for  the  attachment  of 
the  wires,  and  a  small  hole  through  which  a  thermometer  can  be 
passed  to  give  the  temperature  of  the  interior  space  in  which  the 
mnscle  lies.  In  the  end  opposite  to  that  in  which  the  rubber 
cover  fits  is  a  narrow  slot  through  which  the  silk  thread  attached 
to  the  tendon  of  the  muscle  passes  to  be  fastened  to  the  record* 
ing  lever  g^  the  thread  passing  over  the  pulley  e.  The  muscle 
nsed  in  all  the  experiments  was  the  gastrocnemius,  and  was  dis- 
sected away  from  the  oa  cruris  in  the  usual  way.  It  was  placed 
horizontally  upon  an  oblong  block  of  wood,  enclosed  in  a  bit  of 
the  reflected  skin,  and  was  kept  firmly  in  position  by  pinning 
the  osfemoria  and  oa  cruria  to  the  wooden  block.  This  method 
was  nsed  whether  the  muscle  was  entirely  isolated  from  the  rest 
of  the  body  or  whether  the  whole  frog  was  placed  in  the  warm 
chamber ;  and  the  muscle  could  easily  be  arranged  so  as  to  keep 
the  circulation  entirely  uninjured.  In  one  series  of  experiments 
the  whole  frog  (curarized)  was  used,  but  so  arranged  that  only 
the  leg  with  the  muscle  to  be  experimented  upon,  with  its  circula-  ^ 
tion  intact,  was  within  the  cylinder,  the  rest  of  the  animal 
being  placed  upon  a  support  just  outside  of  the  cylinder.  This 
experiment  required,  of  course,  a  different  cover  with  a  liole  of 
sufficient  size  to  allow  the  leg  to  fit  snugly  into  it.  The  warm 
chamber  was  kept  moist  by  means  of  filter  paper  saturated  with 
normal  KaCl  solution,  which  was  placed  upon  the  block  of  wood 
beneath  the  muscle.  The  contractions  of  the  muscle  were 
roistered  upon  the  smoked  paper  of  an  ordinary  drum  kymo- 
graph, upon  which  also  a  time  marker  was  made  to  write,  record- 
ing fiftieths  of  a  second.  To  prevent  the  great  inertia  fling  of 
the  muscle  lever,  a  damper  was  attached,  consisting  of  a  fine 
steel  rod  attached  to  the  lever  and  ending  below  in  a  disc  of 
parchment  paper,  with  a  diameter  of  about  3.5  cms.,  which 
moved  in  a  beaker  of  olive  oil,y.  For  stimulating  the  muscle, 
one  of  the  Du  Bois  Beymond  induction  coils  was  used,  which  was 
run  with  a  si&gle  Daniells  cell.  For  breaking  the  primary 
current  through  the  coil,  a  mercury  make-and-break  key  was 
employed,  and  the  muscle  in  all  the  experiments  was  stimulated 
only  by  the  breaking  shocks,  the  making  shocks  being  short- 
circuited  in  the  usual  way  by  means  of  a  Du  Bois  Beymond  key. 
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The  stimulus  was  always  a.  single  snb-maximal  shock,  nnless 
otherwise  specified.  A  Centigrade  thermometer  was  used  for 
taking  the  temperature  of  the  warm  chamber. 

Experiments. 

In  the  following  experiments  the  muscle  was  subjected  to  five 
different  conditions.  I  have  therefore  tabulated  the  results  as 
Series  I,  II,  III,  IV,  V. 

Series  I. 

In  this  series  only  the  excised  muscles  of  curarized  frogs 
were  used  ;  muscles,  therefore,  in  which  there  was  no  circulation 
of  blood  and  the  influence  of  motor  nerves  was  eliminated.  The 
muscle  was  prepared  and  placed  in  the  cylinder  and  then 
slowly  warmed.  Starting  from  the  temperature  of  the  room,  21* 
to  23®,  several  contractions  were  taken  at  given  intervals  of 
temperature,  and  the  muscle  -was  kept  at  each  temperature  for 
about  five  minutes  in  order  to  be  certain  that  the  whole  muscle 
had  been  really  heated  to  that  degree. 

In  this,  as  in  the  succeeding  series  of  experiments,  the  follow- 
ing facts  were  ascertained  whenever  possible :  1.  The  temperature 
of  the  greatest  contraction  ;  2.  The  temperature  at  which  tetanic 
contractions  appeared  ;  3.  The  temperature  of  the  loss  of  irrita- 
bility ;  4.  The  duration  of  the  loss  of  irritability ;  5.  The  temper- 
ature of  heat  rigor,  and,  6.  The  time  required  for  the  development 
of  heat  rigor  at  a  constant  temperature. 

In  general,  the  contractions  show  a  gradual  rise  in  height  to  a 
maximum  in  the  highest  simple  contraction.  At  about  this  tem- 
perature contractions  of  a  tetanic  nature  (see  Plate  IV,  Fig.  3) 
were  obtained  in  all  but  No.  2.  Then  there  ensued  a  gradual  dimi- 
nution in  the  height  of  contractions  until  the  irritability  was  lost. 
This  condition  may  last  for  some  time,  as  in  No.  18  for  15 
minutes,  or  it  may  give  place  at  once  to  heat  rigor.  The  latter 
develops  slowly  or  quickly  according  as  the  teniperature  is  kept 
at  about  the  point  at  which  the  muscle  loses  its  irritability, 
or  is  raised  somewhat  higher.  In  No.  1  the  development  of  heat 
rigor  required  one  hour,  the  temperature  being  constant  at  38.5*^. 
Where  in  the  table  the  temperature  of  loss  of  irritability  or  of 
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heat  rigor  is  given  at  a  lower  point  than  that  of  the  highest 
contraction,  the  mnscle  had  been  previously  heated  to  the  highest 
point  given.  Plate  IV,  Fig.  2,  gives  a  typical  series  of  contraction 
cnrves,  and  although  representing  an  experiment  of  Series  II, 
may  be  taken  as  an  illustration  of  the  general  effects  of  warmth 
upon  frog's  muscle  under  any  one  of  the  five  conditions. 

Skbies  I. 
Excised  Muscle ;  Frog  Gurarized.    7  Bxperiments. 
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In  this  series  the  highest  contraction  was  obtained  between 
36.25^  and  38.50^,  except  in  one  case,  No.  4,  which  reached  this 
point  at  33.25^.  No.  20  may  be  taken  as  an  average  experiment 
for  this  series,  although  from  21.75®  to  33.50**  there  is  generally 
a  gradual  rise  in  the  height  of  contraction,  while  in  this  experi- 
ment the  curves  for  this  period  present  no  material  difference. 
The  maximum  coutraction  is  given  at  37.75®,  while  from  36.25* 
to  38.50®  the  muscle  is  in  a  state  of  great  irritability,  as  shown 
by  the  tetanic  nature  of  the  contractions.  At  39®,  the  tempera- 
tnre  having  reached  its  highest  point,  there  is  a  complete  loss  of 
irritability.  Without  trying  to  keep  the  muscle  in  this  condition 
for  more  than  a  few  minutes,  when  it  was  taken  from  the  case 
and  cooled,  the  irritability  was  restored  when  the  temperature 
fell  to  33.75®.  The  contraction  at  this  point  is  slightly  higher 
than  the  contraction  taken  at  about  the  same  temperature 
near  the  beginning  of  the  experiment.  Subsequent  warming 
resulted  in  diminishing  contractions  until  the  irritability  was 
lost  a  second  time  at  38®. 
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Series  II. 

In  this,  as  in  Series  I,  only  the  excised  muscles  were  used,  hut, 
as  tlie  frogs  had  not  heen  curarized,  the  nerves  were  still  active. 
Although  the  stimulus  was  sent  directly  to  the  muscle,  probably 
the  nerves  received  and  distributed  it.  In  this  series  there  were 
no  tetanic  contractions. 

Series  II. 
Mascle-Nerve.    4  Experiments. 
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In  No.  6  the  second  contraction  at  29.75®  was  the  highest,  and 
the  contractions  then  diminished  as  the  muscle  was  wanned.  To 
see  if  this  diminution  could  be  checked,  at  36.25®  the  muscle  was 
again  cooled,  but  the  irritability  was  only  slightly  restored.  In 
No.  16,  although  the  highest  contraction  was  obtained  at  37.75®, 
there  was  but  a  slight  loss  of  irritability  until  at  39.25°,  when 
heat  rigor  commenced. 

During  the  first  part  of  the  development  of  rigor,  contractions 
gradually  decreasing  in  height  were  given.  In  No.  17  there  is 
a  typical  series  of  contractions  (see  Plate  IV,  Fig.  2),  gradually 
increasing  in  height  until  38.25®.  Then  allowing  the  temperature 
to  fall  slightly,  and  keeping  it  constant  at  from  36.25®  to  37®  for 
about  twenty  minutes,  the  irritability  did  not  remain  constant, 
but  steadily  fell ;  even  lowering  the  temperature  still  further  was 
of  no  avail,  and  at  28.25®  there  was  a  total  loss  of  irritability. 

In  all  of  these  experiments  there  was  some  development  of  heat 
rigor,  although  very  small,  while  the  contractions  were  diminish- 
ing, so  that  this  condition  could  not  be  marked  off  so  distinctly 
as  in  the  other  series. 
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Seriea  III. 
In  this  aeries  the  mnscle  was  diesected  free  from  the  distal 
attachment,  but  was  left  'with  the  blood-vessels  uncut  at  the 
proximal  end.  The  whole  frog  having  been  curarized,  wae 
pinned  to  the  block  in  snch  a  manner  that  the  circulation  was 
not  impaired,  and  then  warmed.  If  the  heart  had  ceased  to 
beat  when  the  mascle  had  lost  its  irritability,  then,  when  the 
irritability  of  the  muscle  was  restored  by  cooling  and  bathing  in 
normal  NaCl,  the  action  of  the  heart  was  also  generally  restored. 
In  these  experiments  the  loss  of  irritability  was  somewhat  more 
rapid  than  in  those  upon  the  excised  muscles. 

Sebies  III. 
HoBclewith  CiranlatioD  ;  WhdeFiogWajmvd;  E'lOKCararized.  7  EzpeiimentB. 
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In  No.  7  the  maximum  contraction  was  at  34.75°.  Baising 
the  temperature,  the  irritability  decreased,  until  at  33.75°  only 
the  faintest  tremor  could  he  obtained.  Lowering  the  tempera- 
ture to  29.25°,  only  the  slightest  irritability  was  shown,  while  at 
26.75°  there  was  none.  Again  raising  the  temperature,  heat 
rigor  commenced  at  33.75°.  Substantially  the  same  results  were 
obtained  in  No.  8,  except  that  a  loss  of  irritability  came  when 
the  temperature  had  fallen  to  29.25°,  and  heat  rigor  on  again 
warming  to  36.75°,  In  No.  9  the  loaa  of  irritability  lasted  for 
one  hour,  the  temperature  gradually  falling.  "When  the  frog  was 
taken  from  the  warm  chamber  and  bathed  in  normal  salt  soiu- 
tion,  the  irritability  of  the  muscle  was  restored. 
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In  No.  10  the  loss  of  irritability  was  obtained  twice — the  first 
time  at  37.25°,  and  then  the  muscle  was  allowed  to  cool  off  slowly. 
After  35  minntes,  there  being  no  irritability  at  31.25®,  the  frog 
was  taken  from  the  case  and  cooled  still  mor&  by  bathing  in 
normal  NaCl.  In  20  minutes  at  23.75**  the  irritability  was 
restored,  and  the  muscle  gave  its  highest  contraction  in  this  con- 
dition at  that  temperature.  Again  warming  the  frog,  the  irrita- 
bility was  a  second  time  lost  at  36.25^.  Holding  this  temperature 
constant  for  30  minutes,  there  was  neither  irritability  nor  heat 
rigor,  but  on  increasing  the  temperature  2**,  rigor  commenced. 
Keeping  the  temperature  constant  at  39.25®,  the  development  of 
heat  rigor  required  35  minutes. 

In  No.  11  marked  tetanic  contractions  were  obtained  from 
37.75®  to  39.50®,  but  only  after  a  rest  of  from  two  to  five  min- 
utes between  them,  for  stimuli  sent  in  upon  the  next  revolution 
of  the  drum  after  obtaining  a  tetanic  contraction  produced  only 
the  normal  curve  (see  Plate  IV,  Fig.  3).  In  this  experiment 
the  development  of  heat  rigor  while  the  temperature  remained 
at  from  38.25®  to  39.50®  required  1  hour  28  minutes. 

In  No.  21  the  highest  contraction  during  the  whole  experiment 
was  given  at  32.25®,  the  muscle  having  been  previously  warmed 
to  36.25®,  where  the  irritability  was  lost.  The  muscle  was  then 
kept  constant  in  this  condition  at  36.25®  to  37.25®  for  36  minutes, 
and  again  the  irritability  was  restored  on  cooling. 

Series  IV. 

The  frog  pithed,  and  not  curarized,  was  placed  within  the 
cylinder  just  as  in  Series  III  and  gradually  warmed.  The  circu- 
lation and  the  nerves  of  the  muscle  were  therefore  not  directly 
impaired.  As  in  the  case  of  the  experiments  upon  the  muscle- 
nerve  preparation,  this  series  is  marked  by  the  absence  of  any 
tetanic  contractions,  which  phenomenon  therefore  is  no  doubt  due 
to  the  presence  of  the  nerve. 
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Sesiks  rv. 

Muscle  with  Circulation ;  Whole  Frog  Warmed ;  Frog  Pithed.    8  Experiments, 
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In  No.  13,  when  the  muscle  had  lost  its  irritability  at  37.75**, 
although  immediately  cooled  to  23.75®,  only  the  faintest  trace  of 
irritability  was  restored,  and  that  after  21  minntes;  while  heat 
rigor  commenced  slowly  and  continued  as  the  muscle  was  again 
warmed.  In  No.  14,  after  the  irritability  was  once  lost,  it  was 
not  restored.  In  No,  15  the  muscle  was  kept  at  a  tempera- 
ture of  36°  to  37.75**  for  55  minutes  before  there  was  a  loss 
of  irritability,  although  heat  rigor  commenced  after  27  minutes 
at  37.75**.  Allowing  the  temperature  to  fall  0.75**  in  the  next 
28  minntes,  heat  rigor  still  continuing  to  a  small  extent,  the 
loss  of  irritability  was  obtained.  This  condition  was  held  for 
37  minutes,  during  which  time  the  muscle  was  cooling  off,  then  the 
irritability  was  somewhat  restored,  but  the  muscle  all  the  time 
developed  more  rigor.  Again,  as  the  temperature  rose  the  rigor 
became  more  marked,  but  the  muscle  still  retained  its  irritability 
until  very  near  the  end  of  the  period. 


Series  V. 

In  this  series  the  experiments  without  doubt  were  performed 
under  the  most  favorable  conditions.  The  frog  was  prepared  as 
in  Series  III  with  perfect  circulation,  but,  instead  of  warming 
the  whole  frog,  only  the  leg  including  the  muscle  to  be  experi- 
mented upon  was  warmed. 

The  remainder  of  the  body,  resting  upon  a  small  shelf  just 
outside  of  the  cylinder,  was  kept  cool  by  frequent  bathing  in 
normal  NaCl  solution.    The  fact  that  in  No.  22  the  muscle  was 
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eabjected  to  Tarjing  conditious  of  beat  for  five  honrB  and  twenty- 
five  minutes  witboat  aa;  rigor,  ebows  that,  althougli  the  muscle 
bae  loBt  itB  irritability  and  bad  been  kept  in  this  condition  for  a 
long  time,  yet  if  one  is  careful  not  to  go  beyond  this  point  there 
is  no  apparent  injury  totbemiisclefrom  the  influence  of  warmth. 


MMcla  Only  W»rmed ;  With  Circulation ;  Body  Cool ;  Frog  Curarized. 

4  Experiments. 
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In  No.  22  the  highest  contraction  was  at  34*,  but  tbe  following 
contraction  at  35.75°  was  only  one-quarter  itB  height.  Holding 
the  temperature  constant  at  from  35°  to  37.12°  for  1  hour  6 
minutes,  the  contractions,  taken  about  every  five  minntes,  were 
almost  exactly  equal.  Then  raising  the  temperature  not  more 
than  1°,  the  irritability  commenced  to  diminish  until  it  was  lost 
after  30  minutes  at  86.25°.  The  temperature  being  kept  at  this 
high  point,  the  state  of  loss  of  irritability  remained  without  any 
heat  rigor  for  30  minutes.  Then  cooling  the  muscle,  the  irrita- 
bility was  partially  restored  immediately.  Allowing  tlie  muscle 
to  rest  for  1  hour  10  minutes,  the  irritability  was  completely 
restored.  Again  warming  it,  tetanic  contractions  were  given  at 
36.5°  and  36.75°  higher  even  than  those  given  at  34°  during  the 
first  part  of  the  experiment.  Again,  holding  the  temperature 
constant  at  from  35°  to  37.75°  for  1  hoar  45  minutes,  the  con- 
tractions were  not  quite  uniform,  there  was  a  constant  though 
slight  diminution  in  the  sticcessive  contractions  until  tho  period 
ended  in  complete  loss  of  irritability. 

In  No,  23  tho  usual  series  was  given ;  the  highest  contraction 
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at  38.75®,  tetanic  contractions  from  86.37°  to  38.75**,  and  loss  of 
irritability  at  39®.  This  -was  with  a  sub-maximal  stimnlus;  but 
npon  increasing  the  stimnlus  to  maximal,  a  tetanic  contraction 
higher  than  any  preceding  contraction  was  given.  Keeping  the 
temperature  constant  at  from  38.75°  to  41.25°  for  1  hour  43 
minutes,  and  using  a  maximal  stimulus,  the  contractions  grad- 
ually diminished,  losing  their  tetanic  nature  after  25  minutes 
until  the  period  ended  in  loss  of  irritability,  while  at  the  same 
time  during  this  period  the  muscle  had  developed  a  large  amount 
of  its  heat  rigor.  Now  pushing  the  secondary  coil  completely 
over  the  primary,  making  the  stimulus  as  much  suprormaodmal 
as  possible,  an  additional  small  contraction  was  given,  which 
was  somewhat  increased  when  the  stimulus  was  sent  in  as  rapidly 
interrupted  induction  shocks.  In  26  minutes  from  the  loss  of 
irritability  for  a  maadmal  stimulus  even  this  enormous  supra- 
maximal stimulus  was  unable  to  call  forth  a  contraction. 

Putting  the  frog,  still  cool  and  unharmed,  aside  in  normal 
NaCl  solution  for  about  14  hours,  the  irritability  had  again  been 
partially  restored,  a  maximal  stimulus  causing  a  contraction  \  the 
height  of  the  highest  contraction,  the  stimulus  being  equal  to  that 
used  in  the  first  part  of  the  experiment.  Now  warming  the 
muscle  to  a  high  temperature,  only  a  small  curve  of  heat  rigor 
was  obtained.  This  would  represent  about  one-third,  and  the 
curve  of  rigor  obtained  in  the  first  portion  of  the  experiment 
about  two-thirds  of  all  the  rigor  registered.  But  comparing  this 
whole  curve  with  the  heat-rigor  curve  of  the  gastrocnemius  from 
the  other  leg,  which  curve  was  considerably  higher,  shows  that 
after  taking  the  muscle  from  the  cylinder  some  rigor, must  have 
developed  which  was  not  registered. 

In  No.  24,  using  a  mammal  stimulus  from  the  beginning,  a 
r^ular  series  of  contractions  reaching  a  maximum  at  39.25°  was 
obtained.  From  this  point  the  temperature  was  held  constant 
at  from  39.25°  to  38.75°  for  1  hour  40  minutes.  In  1  hour  8 
minutes  heat  rigor  commenced.  At  the  end  of  this  period  the 
stimnlus  was  made  s^iprorm^aximaly  but  with  scarcely  any  effect. 
However,  when  the  muscle  was  cooled,  bathed  in  normal  NaCl  and 
set  aside  for  about  2  hours,  the  irritability  was  somewhat  restored. 

In  one  experiment  upon  a  frog,  not  curarized  nor  pithed,  the 
whole  animal  being  warmed,  a  regular  series  of  contractions 
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waB  obtained  reaching  a  maximnm  at  36.75^.  This  highest  con- 
traction was  also  the  only  one  in  the  whole  experiment  of  a  tetanic 
nature.  In  addition  to  these  contractions  caused  by  the  regular 
single  sub-maximal  shocks  there  was  an  irregular  series  of  volun- 
tary contractions,  increasing  in  height  as  the  warmth  increased 
until  they  too  attained  their  maximum  at  36.75^.  But  although 
the  highest  contractions,  both  voluntary  and  those  caused  by  the 
electric  stimulus,  were  obtained  at  the  same  temperature  and 
about  the  same  time,  the  former  were  2^  times  the  height  of  the 
latter.  In  this  condition  of  greatest  irritability  the  frog  gave  a 
number  of  convulsive  voluntary  contractions  which  entirely 
ceased  in  about  5  minutes,  while  period  B  (see  below)  continued 
as  in  the  other  experiments. 

Ikfluenoe  of  Wakmth  upon  the  iBRirABiLrrY  OF  Motor 

Nebves. 

Three  experiments  were  made  upon  motor  nerves,  using  the 
same  apparatus  as  in  Series  Y,  warming  the  sciatic  nerve  and 
registering  its  condition  by  means  of  the  gastrocnemius,  which 
rested  upon  the  support  outside,  and  was  frequently  bathed  in 
normal  NaCl  solution. 

In  the  first  experiment  with  a  single  sub-maximal  induction 
shock,  the  contractions  showed  no  difference  up  to  about  42.25^ 
after  having  been  warmed  for  1  hour  23  minutes;  then  there 
was  a  slight  diminution  so  that  33  minutes  later  at  48.75°  a  con- 
traction was  only  given  with  rapidly  interrupted  induction 
shocks,  and  this  irritability  soon  disappeared.  Then,  on  allow- 
ing the  nerve  to  cool,  its  irritability  was  restored.  This  process 
of  warming  to  loss  of  irritability  and  then  restoring  was  repeated 
Beveral  times  with  no  apparent  injuiy  M  the  nerve. 

The  second  experiment  was  practically  a  repetition  of  the 
first  except  that  the  diminution  in  height  of  the  contractions 
commenced  at  45.25^,  and  by  holding  the  temperature  constant 
within  1  J°  for  12  minutes  a  loss  of  irritability  was  obtained. 

In  the  third,  the  nerve  lost  its  irritability  for  a  sub-maximal 
stimulus  at  48.25^,  and  on  continuing  to  warm  it  to  50°  there  was 
still  no  irritability  manifested,  until  the  stimulus  was  increased 
by  pushing  the  secondary  coil  to  "6";  then  a  contraction  was 


WARMTH  ON  FROGPS  MUSCLE  AND  NERVE.       31 

given.  Still  raising  the  temperature,  the  nerve  again  lost  its 
irritability  at  51.26^  with  the  coil  at  "  6,"  but  at  51.75^,  by  push- 
ing the  secondary  coil  to  "  4,"  another  contraction  was  obtained. 

On  now  maintaining  the  temperature  at  this  point  for  4  min- 
utes, irritability  was  lost  for  the  stimulus  "  4.''  On  again  in- 
creasing the  stimulus  to  ^^  3^/'  a  contraction  of  }  the  height  of 
the  last  was  giveu,  but  the  response  to  this  stimulus  soon  ceased. 

Next,  on  warming  to  63.26**,  pushing  the  coil  to  "3"  and  mak- 
ing the  stimulus  tetanic,  only  a  very  small  contraction  resulted. 
This  soon  disappeared,  and  no  further  increase  of  stimulus  was 
able  to  cause  a  contraction  at  this  temperature,  but  as  soon  as 
the  nerve  was  cooled  the  irritability  returned,  although  some- 
what impaired. 

N.  Afanasieff^'^  in  his  paper, "  Investigation  upon  the  Influence 
of  Warmth  and  Cold  upon  the  Irritability  of  the  Motor  Nerves 
of  the  Frog,"  has  emphasized  several  facts.  His  method  was 
to  let  the  nerve  rest  easily  upon  two  hook-like  stimulating 
electrodes  placed  within  a  glass  tube.  The  warming  was  accom- 
plished by  bringing  pure  oil,  heated  to  the  desired  temperature, 
in  contact  with  the  nerve.  A  minimal  stimulus  was  used.  The 
degree  of  irritability  of  the  nerve  was  determined  by  moving  the 
secondary  coil.  Gradually  warming  the  nerve  to  36°  C.  gave  an 
increase  of  irritability.  Suddenly  warming  the  nerve  to  36®-40** 
caused  clonic  spasms  of  the  muscle.  By  warming  to  40°-45** 
convulsions  of  a  tetanic  nature  were  produced,  as  Rosenthal  also 
had  observed.  These  convulsions  may  last  for  a  minute.  At 
65®  the  irritability  is  destroyed  almost  immediately.  Between 
40®  and  50°  the  irritability  is  lost,  but  can  be  restored  upon  cool- 
ing. This,  Eosenthal  and,  according  to  Hermann,^'^  Pickford 
also,  had  observed.  A  condition  which  Afanasieff  calls  the 
"  apparent  death  of  the  nerve,"  wherein  it  is  absolutely  unex- 
citable  to  the  strongest  stimuli,  is  obtained  at  60®-65®  C.  But 
by  cooling  the  nerve  the  irritability  can  be  restored,  though 
incompletely. 

There  are  several  diflferences  between  the  results  of  Afanasieff 's 
work  and  those  of  this  paper,  the  methods  being  quite  unlike  in 
the  two  cases.  The  highest  temperature  at  which  I  could  get  a 
contraction  with  the  strongest  stimulus  was  at  53.25®  C,  and 
beyond  that  the  nerve  went  into  "  the  condition  of  apparent  death." 
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When  the  irritability  was  lost  with  a  sub-maximal  strmulus,  not 
only  was  a  contraction  given  at  the  same  temperature  by 
increasing  the  stimulus,  but  also  at  a  somewhat  higher  tempera- 
ture. And  this  process  of  losing  and  regaining  the  irritability 
was  repeated  at  successively  higher  temperatures  until  the  limit 

was  reached.  , 

s 

Conclusions. 

In  general,  four  periods,  representing  distinct  phases  of  the 
condition  of  irritability,  were  obtained  in  each  of  the  five  series. 
These  may  be  described  as,  -4,  gradual  increase  of  irritability  to 
the  maximum  ;  B^  gradual  diminution  of  irritability  to  its  total 
loss ;  (7,  condition  of  no  irritability,  and  />,  development  of  heat 
rigor.  In  these  separate  phases  the  results  of  the  whole  course 
of  experiments  may  be  summarized. 

Pbbiod  a. 

Gradual  Increase  of  Irritdbiliiy  to  the  Maximum. 

This  in  general  corresponds  to  Marcy  V^  first  period  "  exci- 
tation of  muscular  action,"  in  which  he  obtained  the  highest 
contractions  at  from  30°  to  35°.  But  my  results  difilsr  in  making 
the  maximum  contractions  at  from  32.75°  to  39.25°,  with  only 
one  exception.  No.  6,  Series  II,  where  it  was  29.25°,  and  this  no 
doubt  was  abnormal.  Marey  also  says  that  if  a  muscle  be  pre- 
viously submitted  to  a  low  temperature  and  then  warmed,  the 
descent  of  the  contraction  curve  becomes  shortened,  thus 
marking  the  transition  between  the  lengthening  of  movement  by 
cold  and  its  acceleration  by  warmth.  This  is  evidently  true  for 
this  epoch  of  transition ;  but  from  the  temperature  at  which  the 
muscle  enters  into  period  A,  say  22°-26°,  there  is  generally  a 
slight  increase  in  the  duration  of  the  contraction,  so  that  the  con- 
traction lasts  .02  or  .03  of  a  second  longer  in  the  condition  of 
greatest  irritability  than  it  does  at  the  beginning  of  period  A.  In 
addition  to  Marey's  results,  during  and  near  the  temperature 
of  greatest  irritability,  I  obtained  tetanic  contractions,  the 
stimulus  being  simply  a  single  suh-maximal  shock.  These 
tetanic  contractions  were  obtained  in  ten  experiments  included 
in  Series  I,  III  and  V,  but  not  in  either  Series  II  or  IV,  so  that 
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whenever  the  v/ninjured  nerve  was  present  they  were  absent. 
As  shown  in  the  experiments  on  nerves,  at  a  period  when  the 
mnscle  is  in  its  condition  of  greatest  irritability  the  nerve  is 
scarcely  affected  by  heat.  Hence,  as  the  nerve  probably  received 
and  distributed  most  of  the  stimnlos,  this  may  explain  the  appa- 
rent anomaly.  These  tetanic  contractions  were  usually  more 
marked  after  a  rest  of  four  or  five  minutes  than  in  contractions 
observed  after  a  shorter  rest,  as  one  or  two  minutes,  and  they 
sometimes  disappeared  entirely  in  the  latter  case. 

Pbbiod  B. 
Qrad/aal  Diminution  of  Irritability  to  Total  Loss. 

In  Marey's  second  period,  ^^  alteration  of  the  muscle  by 
warmth,  and  loss  of  irritability,"  the  phases  in  periods  B  and  0 
were  united,  while  period  D  was  not  brought  out  at  all. 

In  period  B  there  is  a  gradual  diminution  in  both  the  height 
and  duration  of  the  contraction.  If  one  is  very  careful  to  stop 
the  rise  of  temperature  immediately  aiW  the  highest  contrac- 
tion and  at  that  point  keep  it  constant,  this  period  may  last  for 
one  or  two  hours.  If,  however,  the  temperature  rises  only  one 
or  two  degrees  above  that  at  the  beginning  of  the  period,  the 
loss  of  irritability  is  considerably  hastened,  and  heat  rigor  may 
commence.  Exercising  considerable  care,  however,  this  period 
may  be  carried  into  period  C  without  causing  any  rigor  in  the 
muscle. 

Period  0. 
Condition  of  No  IrritdbiUty. 

This  period  was  pointed  out  by  the  investigation  of  Schmule^ 
witsch,^*^  whose  methods  have  been  described.  Schmulewitsch, 
however,  did  not  keep  the  muscle  in  this  condition  as  I  have 
done,  but  restored  its  irritability  at  once  by  means  of  cool  0.65 
per  cent.  NaCl  solution.  Normal  NaCl  is  not  necessary  to  restore 
the  irritability,  although  it  promotes  the  restoration.  Simple 
cooling  is  sufficient. 

This  period  may  come  at  any  point  within  5®  above  the  tem- 
perature of  the  greatest  contraction  (in  No.  6,  Series  11,  there 
was  a  difference  of  7^),  or  it  may  come  at  a  somewhat  lower 


84  CHARLES  L.  EDWARDS. 

degree  if,  after  period  B  is  well  begun,  the  temperature  is  allowed 
to  fall.  I  have  found  that  this  period  may  last  if  the  tempera- 
ture is  kept  constant,  as  e.  g,  No.  21,  Series  III,  for  36  minutes 
or  more ;  while,  if  the  temperature  be  allowed  to  fall  slowly,  as 
€,  g.  No.  9,  Series  III,  it  may  last  for  one  hour. 

Pbbiod  D. 

Devdopment  of  Heat  Rigor. 

After  the  restoration  of  the  muscle's  irritability,  the  extent  of 
the  contractions  is  generally  smaller  than  that  of  those  of  period  A, 
the  first  contraction  being  usually  the  largest ;  then  they  diminish 
until  a  second  loss  of  irritability.  To  this,  however,  there  are 
marked  exceptions,  in  one  or  the  other  particular,  or  in  both,  as 
e.  g.  No.  22,  Series  V,  where  the  conditions  of  the  experiment 
were  more  favorable  than  in  the  preceding  series.  This  restored 
series  may  be  obtained  without  any  heat  rigor,  but  a  loss  of  irri- 
tability usually  comes  sooner  than  in  period  B.  Heat  rigor 
commences  generally  at  a  temperature  from  5°  to  1®  or  2**  above 
that  of  loss  of  irritability ;  but  if  in  period  0  the  muscle  be  kept 
sufficiently  long  at  a  constant  temperature,  no  further  increase 
is  necessary  to  produce  heat  rigor.  The  time  of  development  of 
rigor  at  a  constant  temperature  varies  from  35  minutes,  as  e.  g. 
No.  10,  Series  III,  to  1  hour  28  minutes,  as  e,  g.  No.  11,  Series  III. 

The  regular  series  of  long  contractures  which  Marey^*^  obtained 
during  the  development  of  heat  rigor  I  was  unable  to  get.  Un- 
fortunately, Marey  does  not  give  us  the  exact  method  by  which 
his  curves  were  obtained.  During  the  first  portion  of  the  de- 
velopment of  rigor,  contractions  can  be  obtained,  but  they  do 
not  show  long  contractures.  However,  if  a  period  of  rest 
intervenes,  a  contraction  then  taken  may  give  the  long  contrac- 
ture; but  the  curve  of  the  succeeding  contraction,  taken  after  one 
revolution  of  the  registering  drum,  generally,  as  in  the  normal 
curve,  comes  at  once  back  to  the  base  line.  The  long-lasting 
contracture  is  exceptional. 

To  Dr.  W.  H.  Howell,  who  designed  the  apparatus  (which  was 
made  in  the  workshop  of  the  laboratory),  and  gave  me  many 
valuable  suggestions  during  the  course  of  these  experiments, 
I  wisfi  to  express  my  indebtedness  and  gratitude. 
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EXPLANATION  OP  PLATE  IV. 

FiGirBB  1.  Apparatus  used  in  warming  the  frog's  muscle  (described 
page  20). 

PiGUBB  2.  Showing  the  eflTect  of  gradual  increase  of  temperature 
upon  the  contractions  of  the  muscle.  The  temperatures  indicated 
by  the  different  letters  are  as  follows : 

fl,  26.25**  e,  37.25°  i,  37°  nty  31.75° 

5,  30.75°  /,  36.75°  j,  36.25°  n,  30.25° 

c,  34.75°  gy  38.25°  i,  36.75°  o,  29.25° 

d,  36.75°  A,  36.25°  I,  33.75°  p,  28.25° 

FioUBB  3.  Showing  the  tetanic  contractions  obtained  with  single 
induction  shocks.  The  temperatures  indicated  by  the  letters  are  as 
follows:  /,    37.25°        g,    37.75°. 
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EXPERIMENTS  IN  BEGABD  TO  THE  SUPPOSED 
"SUCTION  PUMP"  ACTION  OP  THE  MAM- 
MALIAN HE ABT.  By  H.  NEWELL  MARTIN,  D.  So., 
M.  D.,  M.  A.,  P.  R  S.,  Professor  in  the  Johns  Hopkins  TJniver- 
flity,  and  FRANK  DONALDSON,  Jb.,  B.  A.,  M.  D.,  formerly 
Gnuinate  Scholar  of  the  same.    With  Plate  Y. 

That  the  heart  acts  not  only  as  a  force  pnmp  during  its  systole, 
but  dnring  its  diastole  actively  expands  and  thns  gives  rise  to  a 
n^ative  pressure,  which  causes  blood  to  move  from  the  systemic 
veins  to  the  right  anricle,  has  long  been  maintained.  Indeed, 
while  the  thorax  and  lungs  are  intact  there  must  undoubtedly 
be  some  such  ^^  auction"  action ;  the  elastic  reaction  of  the  lungs 
jfulling  on  the  heart  must  expand  it  when  its  walls  are  relaxed 
and  flabby  in  diastole.  The  heart  during  its  systole  does  extra 
work  in  overcoming  pulmonary  elasticity  (as  evidenced  by  the 
negative  pressure  then  observable  in  the  lungs^),  and  during  dias- 
tole gets  this  work  returned  to  it  as  a  distending  force. 

But  the  question  still  remains  whether,  after  the  thoracic 
cavity  has  been  opened,  the  heart  expands  in  diastole  passively 
in  consequence  of  the  positive  pressure  exerted  by  blood  driven 
into  it  from  the  veins,  or  actively,  and  in  the  latter  case,  by  caus- 
ing a  negative  pressure,  causes  blood  to  flow  towards  itself,  even 
when  there  is  no  positive  pressure  in  the  vense  cavae  t  Fick,' 
nearly  forty  years  ago,  showed  that  the  hearts  of  oxen,  sheep 
and  men,  when  in  rigor  mortis^  actively  expanded  after  compree- 
gion ;  but  he  also  demonstrated  that  perfectly  fresh  excised  hearta 
had  no  such  tendency :  they  only  expanded  and  received  liquid 
from  outside  when  it  was  sent  into  them  under  positive  pressure. 

It  was,  however,  conceivable  that  the  heart  in  the  living  body, 
with  blood  flowing  through  the  coronary  arteries  and  capillaries 
and  veins,  might  behave  differently.    If  we  imagine  the  relaxed 

'  Voit,  Zeitsch.  f .  Biol.  I,  p.  890  ;  Elemensiewioz,  Mitt.  d.  Ver.  d.  Aerzte  in 
Steiermark,  1875-76,  p.  41 :  and  others. 
>  Mailer's  Archly,  1849,  p.  288. 
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heart  as  a  bag  with  very  soft  and  distensible  walls,  it  is  easy  to 
see  that  a  network  of  distended  elastic  tubes  ramifying  in  its 
substance  might  cause  active  expansion  of  its  walls  and  dilata- 
tion of  its  cavities.  Starting  from  this  theory,  Thebesins  and, 
independently,  many  years  afterwards  Brucke,  suggested  the 
doctrine  of  the  '^ 8elh8irst€uerung^^  of  the  heart.  According  to 
this  doctrine,  the  aortic  semilunar  valves  press  close  against  the 
walls  of  the  vessel  during  ventricular  systole,  and  cut  oflF  the 
blood-flow  to  the  coronary  arteries;  these  arteries  therefore 
become  comparatively  flaccid;  but  during  diastole  the  valves 
flap  back,  and  blood  rushing  into  the  coronaries  distends  them, 
and  through  them  the  walls  of  the  heart,  in  which  they  ramify. 

The  "  selbststetierung  "  doctrine  in  its  fullest  sense  may  now 
be  considered  as  disproved,  many  facts  quite  inconsistent  with 
its  truth  having  been  demonstrated. 

But,  although  the  belief  that  the  mouths  of  the  coronaries  are 
closed  during  ventricular  systole  wad  no  longer  tenable,  it  was  still 
possible  that  the  distended  elastic  arterial  branches  ramifying  in 
the  myocardium  should  mechanically  tend  to  stretch  the  walls 
and  dilate  the  cavities  of  the  heart.  During  systole  the  muscu- 
lar force  would  easily  overcome  this  stretching  tendency  of  the 
tense  vascular  network;  but  during  diastole  it  is  easily  con- 
ceivable that  the  muscle  might  yield  in  turn  and  the  heart  cavi- 
ties be  actively  distended.  It  was  to  put  this  question  to  the 
test  of  experiment  that  the  research  described  in  this  paper  was 
undertaken.  We  wished  to  ascertain  whether,  at  any  period  of 
the  heart's  beat  after  the  thorax  had  been  opened,  a  negative 
pressure  existed  in  the  right  auricle. 

The  negative  pressure  proved  by  Goltz  and  Gaule  to  occur  in 
the  ventricles  for  a  brief  period  at  the  end  of  the  systole,  had 
already  been  shown  by  Moens^not  to  affect  the  auricles,  and 
therefore  to  be  without  effect  in  making  the  heart  a  suction 
pump  so  far  as  the  venous  system  was  concerned. 

The  general  plan  on  which  we  worked  was  to  open  the  thorax, 
maintaining  artificial  respiration  and  leaving  the  lungs  and  the 
pulmonary  blood-flow  intact.  Then,  to  place  a  long  tube  in  the 
aorta  just  beyond  its  arch,  and  occlude  all  the  branches  leading 
from  the  aorta  except  the  coronaries.    Also,  to  close  the  great 

'  Pfliiger's  Archiv,  XX,  p.  517. 
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systemic  yeins  near  the  hearty  except  one,  which  was  in  connec- 
tion with  a  reservoir  containing  defibrinated  blood.  This  reser* 
Toir  was  connected  with  the  ontflow  tnbe  tied  into  the  aorta. 
Thus  the  whole  systemic  circulation  was  represented  by  the 
coronary  system  and  a  set  of  rubber  tubes  which  started  from 
the  aorta  and  returned  to  the  right  auricle.  The  heart  and  lungs 
being  freely  supplied  with  blood,  long  retained  their  vitality,  and 
the  heart,  as  we  knew  by  previous  work,  could  in  this  manner 
be  kept  beating  normally  and  vigorously  for  hours.  Then,  by 
connecting  a  manometer  tube,  filled  with  blood,  to  the  side  of 
the  cannula  leading  to  the  right  auricle,  and  cutting  off  all 
blood-supply  to  the  right  heart  except  from  this  manometer 
tube,  we  could  easily  ascertain  whether  the  right  heatt  exerted  a 
negative  pressure,  so  as  to  be  able,  in  common  phraseology,  to 
"  suck"  blood  out  of  the  manometer  after  the  level  of  the  blood 
in  it  was  below  the  level  of  the  right  auricle. 

The  method  of  experiment  was  in  essential  features  that 
described  by  one  of  us^  four  years  ago.  As  it  has  not  yet  been 
given  in  detail  in  any  journal  published  in  the  United  States,  it 
may  be  well  to  here  repeat  the  description,  embodying  in  it  such 
minor  changes  in  the  apparatus  as  have  been  made  since  1883, 
and  a  description  of  the  manometer  tube  and  its  connections  as 
specially  added  for  the  present  research. 

Small  dogs  were  used ;  in  the  present  series  of  experiments 
they  were  always  deeply  narcotized  by  the  subcutaneous  admin- 
istration of  sulphate  of  morphia  before  the  operation  was  begun. 
Then  tracheotomy  was  performed,  the  external  jugular  vein 
exposed  on  one  side  of  the  neck,  and  sufficient  curare  solution 
injected  into  it  to  prevent  reflex  muscular  contractions.  Artifi- 
cial respiration,  maintained  uniformly  by  a  small  water  engine, 
was  started  as  soon  as  the  curare  began  to  infiuence  the  move- 
ments of  the  respiratory  muscles. 

The  further  course  of  the  operation  was  as  follows:  The 
pneumogastro-sympathetic  trunks  were  divided  on  each  side  of 
the  neck,  a  cannula  put  in  the  right  common  carotid,  and  the 
left  ligated.  Next,  the  first  pair  of  costal  cartilages  and  the  bit 
of  stemxmi  connected  with  them  were  removed,  along  with  the 

^  H.  Newell  Martin :  Direct  influence  of  gradual  yariations  of  temperature 
upon  the  rate  of  beat  of  the  dog's  heart.    Phil.  Trans.  B07.  Soo.  Ft.  II,  1888. 
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epiBtemnm ;  then  the  internal  mammary  arteries  were  tied  on 
their  course  from  the  subclavians  to  the  breast-bone.  The  skin 
and  other  tissues  covering  sternum  and  costal  cartilages  were 
next  removed,  and  the  breast-bone  and  rib  cartilages  cut  away, 
back  to  the  diaphragm.  Then  most  of  the  right  side  of  the 
thorax  was  removed,  any  intercostal  arteries  which  spirted  being 
twisted  or  pinched.  The  right  subclavian  artery  was  prepared, 
and  ligated  where  it  separated  from  the  carotid.  The  superior 
vena  cava  was  cleaned,  and  two  ligatures  placed  loosely  around 
it,  to  be  used  subsequently.  The  right  azygos  vein  was  ligated  ^ 
close  to  its  entry  into  the  superior  cava,  and  a  ligature  was  placed 
loosely  around  the  inferior  cava  just  above  the  diaphragm. 

Proceeding  now  to  the  left  side  of  the  chest,  the  subclavian 
artery  was  ligated,  and,  the  left  lung  being  gently  held  aside, 
the  aorta  isolated  and  cleared  near  the  diaphragm.  A  ligature 
was  placed  loosely  around  the  vessel  just  beyond  its  arch,  and 
a  strong  clamp  tightened  on  it  to  the  distal  side  of  this  ligature. 
An  aperture  having  been  made  in  the  thoracic  aorta  near  its 
posterior  end,  a  cannula,  filled  with  defibrinated  blood,  was 
inserted  into  the  vessel,  and  the  aortic  clamp  being  removed,  was 
pushed  up  to  the  left  end  of  the  aortic  arch,  where  the  ligature 
above-mentioned  was  tied  tightly  around  it.  [These  aortic  can- 
nulas are  made  of  thin  brass  tubing,  and  are  kept  at  hand  of 
several  sizes,  so  that  one  can  always  be  found  which  fits  tightly 
into  the  aorta  of  the  animal,  and  is  closely  clasped  by  the  elastic 
walls  of  that  vessel.  The  cannula  has  on  its  distal  end  a  piece 
of  rubber  tubing  on  which  is  a  clamp,  which  is  screwed  tight 
when  the  tube  is  filled  with  defibrinated  blood  before  its  insertion 
into  the  artery.]  The  ligature  around  the  inferior  vena  cava  was 
next  tightened,  and  a  cannula  filled  with  defibrinated  blood 
inserted  as  quickly  as  possible  into  the  superior  cava  and  tied  in 
place.  This  cannula  was  at  once  connected  with  y,  PI.  V, 
Fig.l. 

So  far  all  the  systemic  arteries  but  the  coronaries  of  the  heart 
had  been  occluded.  One  common  carotid  had  a  cannula  in 
it,  and  the  other  was  ligatured ;  both  subclavians  were  ligated 
below  the  point  at  which  they  gave  ofi*  any  branch,  and  the 
aortic  cannula  was  tied  in  at  a  level  of  the  vessel,  just  beyond 
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its  arch,  at  which  it  had  given  off  no  bronchial  or  intercoBtal 
branches.^ 

The  animal  was  now  transferred  as  qnickly  as  possible  to  the 
warm  moist  chamber,  which,  with  its  contents  and  accessory 
parts,  we  have  now  to  describe.  It  is  represented,  semi-diagram- 
matically,  in  PL  V,  and  is  125  centim.  in  length,  65  centim.  in 
width,  and  for  the  greater  part  of  its  length  is  65  centim.  in 
height.  At  one  end,  however,  J?,  its  height  is  130  centim.  It 
has  no  bottom,  but  when  in  nse  sits  in  a  shallow  iron  trough  (not 
represented  in  the  figure)  filled  with  water,  and  raised  on  sup- 
ports which  admit  of  Bunsen  burners  being  placed  under  it ;  by 
their  means  the  air  in  the  chest  is  kept  moist  and  warm.  The 
roof.  Bides,  and  one  end  are  glazed ;  the  end,  B^  E^  is  of  wood, 
and  perforated  by  apertures  through  which  several  tubes  pass. 
The  object  of  glazing  most  of  the  walls  of  the  chamber  is  to 
enable  a  ready  view  to  be  had  of  what  is  going  on  inside  it ;  this 
is  apt  to  be  interfered  with  by  condensation  of  water  on  the 
glass  during  the  course  of  experiment ;  this  drawback  may,  how- 
ever, be  nearly  entirely  obviated  by  smearing  the  inside  of  the 
glass  with  glycerine.  One  side  of  the  warm  chamber,  that 
turned  towards  the  observer  in  PI,  V,  Fig.  1,  is  so  arranged  as  to 
be  readily  removed  and  replaced.  In  it  are  also  several  doors 
which  can  be  opened  or  closed  without  removing  the  whole  side 
of  the  chamber.  These  are  not  represented  in  the  plate.  In 
the  chamber  are  two  Mariotte's  fiasks,  C  and  27,  each  of  the 
capacity  of  two  litres.  The  flasks  are  entirely  similar  in  all 
respects,  but  are  so  arranged  and  connected  that,  at  will,  either 
one  can  in  a  moment  be  made  to  supply  blood  to  the  heart  or 
receive  blood  from  it,  and  always  under  a  constant  or  any  selected 
pressure,  and  without  opening  the  warm  chamber. 

Let  us  take  the  flask  G  for  more  detailed  description.  Its 
neck  is  closed  airtight  by  a  rubber  stopper  through  which  four 
glass  tubes  pass.     Two  of  these  tubes,  c  and  d^  end  a  short  way 

1  Sometimes  in  young  dogs  a  minute  bzanoh  is  giren  off  from  the  innominate 
artery  to  the  thymus.  This  was  sometimes  tied,  but  usually  neglected,  as  it  is 
difficult  to  get  at,  the  amount  of  blood  drained  off  by  it  is  trivial,  and  when 
both  yens  cayie  are  tied,  cannot  get  back  to  the  heart.  The  large  thymus 
in  puppies  makes  the  operative  part  of  the  experiment  more  difficult  in  them, 
but  not  to  any  important  degree. 
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below  the  stopper,  and  are  open  to  the  exterior  when  the  flaak  is 
receiving  blood.  By  means  of  the  rubber  tubing  Z',  Fig.  1,  o  ia 
connected  with  the  three-way  stopcock  X^  Fig.  2,  and  beyond  it, 
by  I  with  the  funnels  r  and  x.  From  these  funnels  the  flask  is 
supplied  with  blood.  The  tube  rf,  with  its  rubber  extension, 
leads  to  the  stopcock  g^  Fig.  2;  it,  when  open,  permits  the  escape 
of^  air  when  blood  enters  C  from  either  of  the  fannels. 

The  two  remaining  glass  tubes,  e  and  y,  reach  nearly  to  the 
bottom  of  the  flask ;  they  are  kept  closed  when  C  is  receiving 
blood,  but  are  opened  when  it  is  supplying  blood  to  the  heart. 
Of  the  two,  f  reaches  about  half  an  inch  lower  than  ^ ;  it  is 
connected  by  h  (Figs.  1  and  2)  with  the  three-way  cock  W. 
From  the  cock  leads  the  tube  n,  which  re-enters  the  warm  cham- 
ber, and  is  connected,  during  an  experiment,  with  the  superior 
vena  cava  by  the  intervention  of  (?,  q  and  y.  It  serves  to  supply 
the  heart  with  blood. 

The  tube  e  is  connected  with  the  stopcock  u.  Through  it  air 
enters  the  flask  G  when  it  is  sending  blood  to  the  heart. 

The  tubes  connected  with  the  flask  D  are  in  all  respects  simi- 
lar to  those  opening  into  (7,  d  answering  to  c^  df  to  d,  ef  to  e  and 
f  toy,  and  so  forth.  The  stopcock  JT  is  so  arranged  that  when 
the  passage  from  c  is  open  that  to  cf  is  closed,  and  W  so  that 
when  the  passage  fromy  is  open  that  from /"is  shut. 

Thcflasks  are  represented  as  resting  on  the  block  Sy  in  order ' 
to  avoid  more  complication  in  the  figure.  In  reality  they  stand 
on  a  movable  platfonA  which  can  be  raised  or  lowered;  and 
before  using  they  are  raised  until  the  bottom  of  each  is  about 
twelve  centimeters  above  the  level  of  y,  which  itself  is  about  40 
centimeters  above  the  bottom  of  the  water  trough  on  which  the 
warm  chamber  rests. 

Before  an  experiment  the  flask  C  is  nearly  filled  with  defibrin- 
ated  blood,  and  D  about  one-fourth  filled.  This  is  done  from 
the  fannel  r  by  opening  and  closing  the  proper  passages  or 
stopcocks. 

The  next  step  is  to  fill  the  tube  f  and  its  fellow,  and  all  the 
passages  connecting  them  to  y^  with  blood  from  the  flasks. 
These  tubes  have  alternately,  during  the  experiment,  to  act  as 
syphons,  supplying  the  heart.  To  fill  them,  X,  Fig.  2,  is  so 
turned  as  to  close  Z',  and  of  course  c,  to  which  it  leads;  g  is 
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turned  bo  as  to  cut  off  d  from  communication  with  the  air ;  W 
is  turned  so  as  to  open  a  free  passage  iroTnf  through  £  to  n  and 
thence  through  o  and  qXoy.  Also^  v,  is  opened  so  as  to  place  e 
in  free  communication  with  the  atmosphere.  Suction  is  then 
applied  to  y,  the  stopcock  q  being  open.  Air  then  enters  C 
through  e^  and  blood  passes  out  to  y  through  y,  expelling  the 
air  previously  in  the  connecting  tubes  between  f  and  y.  As 
soon  as  all  the  air  is  expelled  the  stopcock  q  is  shut.  C  is  now 
a  Mariotte's  flask;  on  opening  q  it  will  deliver  blood  in  an  even 
flow  and  under  uniform  pressure  at  y,  the  flask  having  of  course 
been  previously  raised  so  that  the  lower  end  oif  is  higher  than  y. 

When  the  tubes  connecting  C  with  y  are  full,  the  stopcocks  X 
and  W  are  reversed ;  g  is  opened,  u  closed ;  and  ^  closed  and  vl 
opened.  Then,  on  q  being  opened  and  suction  again  applied  at 
y,  the  tubes  leading  from  D  to  y  are  filled  with  blood,  so  that  D 
shall  act  as  a  Mariotte's  flask.  Then  q  is  closed,  ^  opened  and 
w'  shut. 

The  warm  chamber  is  now  closed ;  the  stopcocks  X  and  W 
again  reversed,  so  that  the  fuller  flask  C  shall  be  in  connection 
with  y.  But  g  is  left  open,  so  that  as  the  blood  and  air  in  the 
flask  expand  while  they  heat,  air  may  escape.  From  time  to 
time  g  is  closed  and  q  opened ;  a  few  centimeters  of  blood  are 
collected  in  a  beaker  and  the  temperature  of  the  blood  noted. 
This  temperature  is  indicated  by  the  thermometer  j?,  the  bulb  of 
which  reaches  into  the  enlargement  o.  The  blood  collected  is 
returned  to  D  by  pouring  it  into  the  funnel  r. 

Meanwhile,  the  preliminary  operation  on  the  dog  was  carried 
on  up  to  the  point  of  opening  the  thorax.  As  soon  as  the  tem- 
perature of  the  blood  reached  about  88^  C,  the  gas  flame  under 
the  warm  chamber  was  turned  low  and  the  operation  on  the 
animal  completed,  as  already  described.  Then  the  dog  was 
immediately  transferred  to  the  warm  chamber,  and  the  cannula 
in  its  superior  cava  connected  with  y.  At  the  same  moment  g 
was  closed  so  that  C  should  act  as  a  Mariotte's  flask ;  then  q 
was  opened  and  blood  allowed  to  flow  into  the  right  auricle  of 
the  heart,  under  a  constant  pressure  equal  to  about  that  of  a 
column  of  blood  ten  centimeters  in  height.  The  clamp  on  the 
rubber  tube  of  the  aortic  cannula  was  loosened  and  the  heart 
allowed  to  pump  out  blood  in  a  free  stream,  but  still  not  so  free 
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but  that  considerable  arterial  pressure  was  maintained  in  the 
aortic  stump  and,  from  it,  in  the  coronary  arteries  of  the  heart. 
After  a  minute  or  so,  when  it  was  judged  that  all  the  blood  pre- 
viously contained  in  the  isolated  heart  and  lungs  had  been 
washed  out  and  replaced  by  defibrinated  blood,  the  rubber  tubing 
■  on  the  end  of  the  aortic  cannula  was  quickly  slipped  over 
h  and  the  clamp  on  this  tubing  removed.  The  heart  then 
pumped  blood  up  through  the  tube  t  to  the  funnel  a?,  and  from 
the  funnel  the  blood  returned  by  I  and  its  side  branch  I"  to  D. 
Thus  as  C  emptied,  D  filled.  When  C  was  nearly  empty  and 
D  nearly  full,  it  was  easy,  by  reversing  the  stopcocks  JT  and  PT 
and  opening  or  closing  gorg'  and  u  or  vfj  as  the  case  might  be,  to 
make  D  the  supplying  flask  and  C  the  recipient.  Thus  the 
same  blood  could  be  circulated  again  and  again  through  the 
heart  and  lungs,  and  always  be  supplied  from  the  superior  cava 
uniformly  to  the  right  auricle,  while  aortic  pressure  could  be 
kept  constant ;  or,  if  desired,  varied  within  wide  limits  by  rais- 
.  ing  or  lowering  the  level  of  the  funnel  x. 

Finally,  the  cannula  in  the  right  carotid  having  been  connected 
with  a  mercury  manometer,  which  recorded  arterial  pressure 
and  the  pulse  rate  on  the  paper  of  the  kymographion,  the  front 
of  the,  warm  chamber  was  replaced. 

Of  course,  artificial  respiration  was  maintained  throughout  the 
experiment.  The  air-supply  tube  from  the  respiration  pump 
leads  to  a  three-way  stopcock ;  one  branch  of  the  stopcock  opens 
into  a  tube  which  leads  to  the  operating  table ;  the  other  branch 
into  a  tube  which  leads  into  the  warm  chamber.  As  soon  as  the 
animal  is  removed  from  the  table  to  the  chamber,  the  stopcock 
is  turned  so  that  the  air  blast  enters  the  tube  leading  to  the 
warm  chamber,  and  this  is  immediately  connected  with  the 
cannula  in  the  trachea. 

By  means  of  the  thermometer^  the  temperature  of  the  blood 
supplied  to  the  heart  can  be  ascertained;  this  can  be  kept 
fairly  uniform  by  raising  or  lowering  the  fiames  of  the  Bunsen 
burners  beneath  the  warm  chamber,  as  desirable.  We  also 
found  it  useful  to  surround  with  raw  cotton  the  parts  of  the 
tubes  t  and  I  which  lie  outside  of  the  chamber.  By  surround- 
ing O  and  D  with  water  jackets^  the  blood  supplied  to  the  heart 

» Phil.  Trans.  Roy.  Soo.  Lond.,  Pt.  II,  1888. 
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can  be  kept  at  an  almost  nniform  temperature.  But  as  sneh 
nniformity  was  not  necessaiy  in  regard  to  the  experiments  to  be 
described  in  the  present  paper,  the  water  jackets  were  not  used. 
The  blood  was  in  every  instance  kept  near  38°  C,  and  never 
varied  more  than  2°  C.  from  that  temperature  during  the  time  in 
which  onr  observations  were  made. 

It  still  remains  to  describe  that  part  of  the  apparatus,  viz. 
ahfThj  which  was  specially  devised  for  the  series  of  experiments 
to  be  described  in  this  paper.  Between  q  and  y  is  intercalated 
the  top  of  a  T-piece ;  on  the  leg  of  this  T-piece  is  the  stopcock  a. 
When  this  is  closed,  all  blood  passing  q  must  take  its  course  to 
the  heart  through  y ;  but  if  a  be  opened,  some  of  the  blood  will 
flow  into  the  U-tube  hm^  which  is  fixed  at  such  a  level,  after 
.  the  animal  has  been  put  in  the  warm  chamber,  that  the  upper 
end  of  the  open  limb  m  is  above  the  level  of  the  right  auricle 
of  the  heart.  The  limb  h  can  be  opened  or  closed  at  will  by 
the  stopcock  8. 

So  soon  as  the  heart  was  ascertained  to  be  pumping  blood  round 
well  and  uniformly,  a  and  s  were  partly  opened  and  a  portion 
of  the  blood-supply  diverted  until  the  U-tube  was  filled  to  near 
the  top  of  m.  Then  the  stopcocks  were  closed,  and  all  the  blood 
again  flowed  through  the  heart.  Next,  the  height  of  the  point  of 
entry  of  the  superior  cava  into  the  right  auricle  was  carefully  meas- 
ured from  the  bottom  of  the  warm  chamber.  This  was  done  by 
placing  the  lower  edge  of  one  end  of  a  spirit-level  on  the  cannula 
connected  with  y,  and  close  to  the  heart.  After  getting  the  level 
perfectly  horizontal,  the  distance  of  its  lower  edge  from  the 
bottom  of  the  trough  was  measured/  This  gave  the  height  above 
the  bottom  of  the  trough  of  the  upper  side  of  superior  cava 
where  it  joined  the  auricle. 

If  now  q  be  closed  and  a  opened,  the  right  heart  no  longer  can 
get  blood  from  the  Mariotte's  flask.  Its  only  source  of  supply  is 
from  the  previously  flUed  U-piece.  If  it  takes  blood  from  this 
until  the  level  of  the  liquid  in  m  falls  below  the  level  at  which 
the  vena  cava  enters  the  auricle,  then  the  right  heart  has  exerted 
some  suction,  it  has  actively  expanded ;  while  if  it  only  con- 
tinues to  supply  itself  so  long  as  the  level  of  the  blood  in  m  is 
higher  than  the  level  of  the  entrance  to  the  auricle,  it  is  clear 
that  the  heart  only  takes  blood  when  supplied  to  it  under  some 
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positive  pressure,  and  that  it  is  not  a  suction  pump.  So  soon  as 
the  level  of  the  blood  in  m  ceased  to  fall,  its  height  from  the 
floor  of  the  trough  was  measured  and  noted.  Then  q  was 
opened,  and  the  heart  thus  again  is  supplied  with  blood  from  one 
of  the  Mariotte's  flasks,  while  the  U-tube  hm  was  also  refilled. 
Then  a  was  closed.  After  waiting  a  minute  or  two,  q  was  once 
more  closed  and  a  opened,  and  the  observation  repeated ;  and  so 
on  as  often  as  might  be  desired,  or  until  the  heart  began  to  show 
symptoms  of  weakening. 

We  made  in  all  nine  experiments  as  to  the  capacity  of  the 
right  heart  to  actively  take  blood  from  the  superior  cava  after 
the  thorax  had  been  opened ;  and  in  the  course  of  each  experi- 
ment ;fche  conditions  were  varied.  At  the  commencement  arterial 
pressure  was  medium  (about  95  mm.  Hg),  and  the  pericardium 
was  intact.  Then  arterial  pressure  was  varied  within  wide  limits, 
by  raising  or  lowering  the  level  at  which  t  emptied  into  aj. 
Moderate  and  violent  artificial  inflation  of  the  lungs  were 
employed,  and  also  the  entire  cessation  of  the  artificial  respiration. 
Finally,  in  order  to  give  the  heart  the  greatest  possible  freedom, 
the  pericardium  was  cut  away,  and  the  observations  repeated. 
But  in  no  single  case  did  we  find  that  the  right  auricle  would 
receive  blood  unless  that  blood  were  supplied  to  it  under  positive 
pressure,  the  minimum  pressure  required  varying  little  from  that 
exerted  by  a  column  of  blopd  about  12  mm.  in  height.  It  might 
fall  to  8  mm.  or  rise  to  18  mm.,  but  those  were  the  limits. 

The  earlier  experiments  were  made  with  the  defibrinated 
blood  of  young  sucking  calves.  Though  the  isolated  heart  of 
the  dog  will  work  well  for  hours  when  supplied  with  this  blood, 
it  was  possible  that  it  might  injuriously  aflfect  the  elasticity  of 
the  heart  muscle,  so  our  final  experiments  were  made  with  the 
hearts  of  dogs  supplied  with  defibrinated  dog's  blood,  obtained 
by  bleeding  several  large  animals  immediately  before  the  experi- 
ment. We  append  the  protocols  of  two  such  experiments ;  as  all 
the  others  agreed  with  them  in  every  essential,  it  is  not  worth 
while  to  print  them  in  detail. 

The  outcome  of  our  work  is  this:  that  once  the  "  aspiration  of 
the  thorax  "  has  been  eliminated,  the  right  auricle  of  the  mam- 
malian heart  will  not  receive  blood  unless  supplied  to  it  under  a 
decided,  if  small,  positive  pressure.     While  the  heart  in  the 
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closed  thoracic  cavity  may,  and  probably  does,  act  as  a  snction 
pump,  this  is  not  due  directly  to  an  active  expanding  force  of 
the  heart,  but  is  the  secondary  result  of  the  pneumatic  conditions 
prevailing  within  the  normal  closed  chest  cavity.  Any  cause 
diminishing  thoracic  aspiration  must  therefore  greatly  hinder 
the  work  of  the  heart ;  and  it  is  probably  more  in  this  manner 
that  the  circulation  is  impeded  in  certain  cases  of  hydro-  or 
pneumothorax  than  by  direct  pressure  exerted  on  the  heart  itself. 
In  the  experiment  protocols  appended  there  are  six  columns. 
Column  I  gives  the  time ;  column  U,  the  height  of  the  upper  side 
of  the  vena  cava  superior  from  the  floor  on  which  the  warm 
chamber  rested ;  column  III,  the  lowest  height  of  the  blood  in  the 
manometer  tube  a&m,  Plate  V,  Fig.  1,  at  which  the  right  auricle 
would  receive  blood,  this  height  being  measured  from  the  floor 
of  the  warm  chamber ;  colunin  IV,  the  differences  between  the 
heights  recorded  in  columns  II  and  III,  that  is,  the  lowest  pres- 
sure under  which  the  heart  would  receive  blood  from  the  sys- 
temic  yeins;  column  V  gives  arterial  pressure  as  measured  by 
the  manometer  connected  with  the  right  common  carotid ;  in 
column  VI  are  given  notes  when  necessary. 
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EzPEfilHEHT  OP  Deoehbeb  2,  1886. 

Dog  nnder  morphia  and  then  cnrare.— Defibrinated  dog's  blood 
used. 
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This  arterial  pressure  was  too  much 
for  the  heart  to  OTercome.  It  began  to 
dilate,  and  the  experiment  was  ended. 

STUID 
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ExPEBiHENT  OF  Deoehbeb  3,  1886. 

Dog  under  morphia  and  then  cnrare. — Defibrinated  dog's  blood 
used. — Respiration  varied  both  in  force  and  frequency  during  the 
experiment,  and  at  other  times  kept  constant  while  arterial  pres- 
snre  vas  varied. 
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Experiinent  ended :  heart  and  lungs 

being  etill  in  vary  good  working  con- 
dition. 

A  NEW  DOG-HOLDING  APPARATUS.  By  CHAELES 
DAWSON,  Janitor,  Biological  Laboratory,  Johns  Hopkins 
University.    With  Plate  VL 

The  dog-holding  apparatus  described  here  is  the  result  of  the 
desire  for  an  apparatus  which  would  fit  equally  well  dogs  of  very 
different  sizes,  and  which  could  be  more  easily  and  quickly 
applied  than  the  other  forms  which  had  been  in  use  here. 

The  table  or  trough  is  made,  in  the  following  manner.  Two 
slatted  troughs,  each  sixty  centimeters  long,  are  made  of  some 
hard  wood.  One  trough  has  seven  and  the  other  has  eight  slats. 
The  distance  between  each  slat  must  be  equal  to  the  width  of  a 
slat,  which  should  be  about  twenty-five  mm.  The  two  troughs 
are  locked  together  by  passing  the  slats  of  one  between  those  of 
the  other,  and  screwing  the  ends  of  each  on  to  a  piece  of  board 
the  shape  and  size  of  the  two  boards  at  the  other  ends.  These 
four  boards  serve  as  the  legs  of  the  troughs,  which  can  now  be 
pushed  together  or  drawn  out  (see  Plate),  but  not  separated. 
They  may  be  clamped  at  any  desirable  length  by  means  of  a 
suitable  screw,  made  to  pass  through  a  brass  plate  which  is  let 
in  from  the  outside  of  the  larger  trough,  and  buries  its  point  into 
the  adjoining  slat. 

The  legs  of  the  animal  are  held  by  passing  the  cords  through 

brass  clamps,  made  after  the  manner  of  those  sometimes  used  for 

holding  the  ^^  sheets  "  on  board  a  yacht.    Each  clamp  consists  of 

two  uprights  about  forty  mm.  high  on  a  base  seventy  mm.  long. 

The  base  is  provided  with  lugs  to  allow  it  to  be  screwed  dovni 

on  the  trough;    Between  the  two    uprights,  which  are  about 

thirteen  mm.  apart,  a  semicircular  foot  is  riveted  through  some 

point,  out  of  center.    This  foot  swings  loosely,  and  clamps  the 

cord  when  pulled  in  one  direction,  but  allows  it  to  run  free  when 

pulled  in  the  opposite  direction.    Those  figured  in  the  plate  are 

of  another  style,  are  more  easily  made,  and  answer  as  well. 

Four  of  these  clamps  are  used,  and  cleats  are  placed  at  suitable 
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points  on  the  troughs,  around  which  the  cords  may  be  passed 
when  the  position  of  the  legs  is  to  be  changed. 

A  special  featn^  of  the  head-holder  is  that  it  is  in  no  way 
fastened  among  or  bears  upon  the  teeth  of  the  animal,  and  on 
account  of  this  a  smaller  size  is  especially  applicable  to  rabbits.  / 
It  is  a  modification  of  one  for  holding  rats  which  I  saw  figured 
in  a  catalogue  and  credited  to  Professor  Marey.  A  steel  upright, 
provided  with  a  collar,  washer  and  nut  for  clamping  it  to  the 
trough,  is  made.  A  piece  of  steel  thirty-seven  mm.  long  is  now 
taken  and  fiattened  at  one  end,  where  an  enlargement  is  made. 
Through  this  enlargement  a  square  hole  is  punched,  and  a 
thumb-screw  is  let  in  at  the  end.  The  fiattened  end  of  the  bar 
is  now  bent  to  suit  the  curvature  of  the  back  of  the  dog's  head. 
An  L-shaped  piece  of  square  steel  is  now  made,  the  upright  of 
the  L  being  thirteen  centimeters  long  and  straight,  while  the 
base  of  the  L  is  nine  centimeters  long  and  is  bent  inward  and 
forward.  The  L  can  now  be  run  through  the  square  hole  made 
for  it,  and  clamped  at  the  proper  point  by  means  of  the  thumb- 
screw. Another  piece  (J,  Plate  VI),  like  the  base  of  the  L,  but 
having  a  square  hole  in  one  end,  provided  with  a  clamping 
screw,  is  made,  and  slides  on  the  long  leg  of  the  L.  The  prongs 
of  the  fork  thus  formed  pass  down  the  sides  of  the  back  of  the 
head  and  catch  behind  the  mastoid  processes.  An  oval  ring  (?, 
sixty-five  mm.  long  and  fifty  mm.  wide,  with  an  enlargement  on 
one  end,  is  made.  A  hole  is  bored  through  the  enlargement 
and  a  thumb-screw  is  let  in.  This  ring,  when  in  use,  is  passed 
along  the  handle  of  the  fork  and  clamped  when  it  has  passed  as 
far  as  it  can  over  and  around  the  dog's  muzzle.  Two  brass 
clamps,  with  two  holes  in  each  bored  at  right  angles  and  pro- 
vided with  thumb-screws,  are  made.  One  of  these  clamps  is  put 
on  the  upright  and  the  other  is  put  on  the  handle  of  the  fork. 
When  the  holder  has  been  placed  on  the  head  of  the  animal,  a 
bar  of  suitable  size  is  run  through  the  remaining  holes  in  the 
clamps  and  is  held  in  place  by  the  screws.  This  arrangement 
of  the  clamps  and  bar  gives  universal  movement,  and  allows  the 
head  of  the  animal  to  assume  an  easy  position. 

The  apparatus  can  be  made  on  a  smaller  scale  for  other 
animals.  One  for  rabbits  and  cats  has  been  in  use  here  for  some 
time  and  has  given  satisfaction. 
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EXPLANATION  OP  PLATE  VL 

Ay  A  are  the  boards  on  which  the  ends  of  the  trough  with  seven 
slats  are  fastened. 

By  B  serve  the  same  purpose  for  the  inside  trough. 

Cy  Cy  Oy  O  Bjce  the  four  automatic  clamps  for  the  cords  which  hold 
the  legs  of  the  animal. 

Z>  is  the  plate  fastened  on  the  outside  slat,  with  a  screw  passing 
through  it,  and  binding  the  two  tvoughs  together  when  they  are 
drawn  out  for  use. 

By  the  upright  of  the  head-holder. 

Fy  the  handle  of  the  so-called  fork,  flattened  and  curved  at  one 
end  to  fit  the  top  of  the  animal's  head. 

A  9y  9^ J  ^'^  clamping  arrangement  which  gives  universal  move- 
ment. 

Oy  the  ring  which  passes  over  and  around  the  mouth  of  the 
animal. 

^is  the  L-shaped  piece. 

/,  the  piece  which  slides  on  fiT,  both  sides  moving  towards  each 
other  till  contact  with  the  sides  of  the  neck  of  the  animal  is  made. 

When  the  apparatus  is  in  use  the  head-holder  would  be  nearer 
the  base  of  its  upright,  and  would  rest  at  an  angle  of  about  30^ 

The  animal  is  supposed  lying  on  its  back. 
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NOTES  ON  THE  FAUNA  OF  BEAUFOBT,  NORTH 

CAROLINA. 

L 

NOTES  ON  ACTINIA  OBTAINED  AT  BEAUFORT,  N.  C. 
By  J.  Playfaib  McMurrich,  M,  A.,  Ph.  D.,  Professor  of 
Biology,  Haverford  College,  Pa. 

The  Actiniae  obtained  at  Beaufort,  N.  C,  belong  altogether  to 
the  Littoral  2iOne,  and  are,  with  a  single  exception,  forms  whose 
habitat  is  sandy  or  muddy  bottoms,  or  which  live  upon  shells 
found  on  such  bottoms.  This  is,  of  course,  due  to  the  conforma- 
tion of  the  coast,  it  being  at  this  point  sandy,  or,  in  the  "  slues," 
more  or  less  muddy,  the  only  footholds  for  rock-loving  forms 
being  furnished  by  the  Government  breakwaters  at  Fort  Macon 
and  on  the  Shackleford  Banks,  formed  by  the  deposition  of  large, 
irregular  blocks  of  stone  brought  from  a  distance,  and  which  are 
for  the  most  part  of  too  recent  construction  to  have  permitted  the 
colonization  of  many  forms. 

In  the  following*  pages  attention  will  be  paid  only  to  the  ex- 
ternal characters  and  synonymy  of  the  forms  obtained,  many 
details  as  to  structure  and  variation  being  withheld  for  publica- 
tion at  a  later  date.  Much  confusion  exists  as  to  the  synonymy 
of  North  American  Actiniae,  owing  partly  to  imperfect  descrip- 
tion, and  partly,  no  doubt,  to  the  want  of  facilities  for  their  com- 
parison with  European  forms.  I  have  endeavored  to  unravel  the 
tangle  as  much  as  possible,  adopting  the  generic  appellations  as 
defined  by  Andres  in  his  most  admirable  and  complete  mono- 
graph of  the  Actiniae,*  this  work  being  the  latest  and  most  com- 
prehensive on  the  subject.  We  possess  already,  from  the  pen  of 
Professor  Verrill,  to  whom  we  owe  so  much  of  our  knowledge  of 
North  American  Actiniae,  a  paper'  on  the  Actiniae  of  North 

*  Andres,  A.  Fauna  und  Flora  des  Golfes  von  Neapel.  IX  Monogr. :  Die 
Actinien.    Leipzig,  1884. 

'  Verrill,  A.  B.  Brief  Contributions  to  Zoology  from  the  Museum  of  Yale 
College.  No.  XXII.  Oa  Radiata  from  the  Coast  of  North  Carolina.  Amer. 
Jour,  of  Science,  8d  Ser.,  Ill,  1872. 
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Carolina,  the  descriptions  in  which  are  from  drawings  and  alco- 
holic specimens  collected  by  Dr.  Yarrow  at  Fort  Macon,  and 
therefore  from  the  same  locality  that  I  had  the  opportunity  of 
studying.  This  paper  would  therefore  be  unnecessary,  were  it 
not  for  the  reasons  given  above,  and  for  the  fact  that  two  new 
forms  have  been  added  to  those  previously  known.  In  VerrilPs 
paper,  seven  species  are  mentioned  or  described,  so  that,  with  the 
two  I  now  add,  the  number  of  Actiniae  known  to  occur  at  Beau- 
fort is  nine.  These  are  distributed  in  eight  genera  and  four 
families,  the  family  SagartidcB  being  the  richest,  including  a 
majority  of  all  the  species.       ^ 

Fam.  SAGARTID^. 

1.  Cylista  leucolena  (Verr.),  Andres.  This  form  was  origi- 
nally described  by  Verrill,^  under  the  title  Sagartia  leuoolenaj 
but  has  been  referred  by  Andres  to  the  genus  Cyluta^  on  ac- 
count of  the  presence  of  vertical  rows  of  cinclidal  tubercles  on 
the  upper  portion  of  the  column.  I  did  not  observe  the  pecu- 
liarity Verrill  describes,  consisting  in  the  much  greater  length 
and  unique  coloration  of  one  of  the  gonidial  tentacles  {i.  e,  one 
of  those  opposite  the  angles  of  the  mouth),  but  in  all  the  forms 
observed  both  the  gonidial  tentacles  were  longer  than  any  of  the 
others,  and  were  further  hoth  distinguished  by  the  greater  width 
and  distinctness  of  the  white  streaks  passing  from  the  mouth  to 
them  across  the  disc,  when  compared  with  the  similar  streaks 
which  pass,  radiating  from  the  mouth,  to  the  other  tentacles  of 
the  first  cycle.  With  regard  to  the  odd  tentacle,  Verrill  says 
that  it  "  is  not  constantly  extended,  and  is  ordinarily  not  very 
apparent,"  and  it  is  possible  that  the  greater  elongation  was  a 
temporary  lengthening  of  the  tentacle  for  some  purpose.  The 
tentacles  were  arranged  in  five  cycles,  their  formulae  being  6,  6, 
12,  24, 48 ;  all  the  specimens  obtained  were  small,  compared  with 
the  measurements  given  by  Verrill,  the  largest  measuring  only 
.5  mm.  in  length,  the  diameter  of  the  column  and  disc,  as  well  as 
the  length  of  the  tentacles,  being  about  the  same. 

A  number  of  specimens  were  obtained  on  loose  shells  in  shal- 
low water  at  Fort  Macon. 

'Verrill,  A.  E.  On  the  Polyps  and  Echinoderms  of  New  England,  with 
Descriptions  of  New  Species.    Proc.  Bost.  Soc.  Nat.  Hist.  X,  1886. 
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2.  Adamsia  sol  (Verrill).  About  1867  Verrill  described/ 
from  manuscript  notes  and  drawings  of  Louis  Agassiz,  an  Actin- 
ian  which  had  been  named  by  Agassiz  Cereus  soly  and  had 
been  collected  by  him  at  Charleston,  8.  C.  The  coloration  of 
this  is  practically  the  same  as  that  of  Adamsia  solj  but  the 
external  structural  characters  are  apparently  those  of  an  entirely 
diflTerent  genus.  Thus  it  is  said  to  have  "well-marked  suckers" 
on  the  column  for  a  short  distance  below  the  tentacles,  the  ten- 
tacles themselves  are  said  to  amount  to  "  several  hundreds  "  in 
large  specimens,  the  acontia  are  extruded  through  scattered 
openings,  apparently  not  very  numerous,  and  no  mention  is 
made  of  the  conspicuous  cinclidal  tubercles  a  short  distance 
above  the  limbus.  It  seems  strange  that  a  coloration  so  charac- 
teristic and  peculiar  as  that  of  Adamsia  sol  should  be  so  exactly 
repeated  in  an  entirely  different  genus,  when  there  can  be  no 
question  of  protective  mimicry  either  of  one  another  or  of  a 
common  object,  and  one  would  be  inclined  to  suppose  that,  in 
some  way,  a  mistake  had  been  made  whereby  in  Verrill's 
description  there  has  been  a  confounding  of  two  perfectly  dis- 
tinct forms,  the  structural  characters  of  one  and  the  coloration 
of  the  other  having  been  described.  This  supposition  is  indi- 
rectly confirmed  by  Verrill  himself  in  his  paper  on  the  Actiniae 
of  North  Carolina,  where  he  describes  what  is  evidently  the 
form  I  propose  here  to  call  Adamsia  sol  under  the  name  CaUi- 
actis  soly  giving  as  one  of  its  synonyms  Cereus  sol  (pars).  What 
Verrill  did  in  this  paper  was  simply  to  separate  from  the  original 
compound  species  that  form  which  served  as  a  type  for  the  color- 
description,  and  to  describe  for  it  its  proper  external  structural 
characteristics.  The  generic  term  Calliactis  is  evidently  a 
synonym  for  AdamMa^  and  the  latter  name  having  the  priority, 
I  have  used  it  here.  Andres,  not  having  had  opportunities  of 
studying  our  American  Actiniae,  takes  the  original  confused  de- 
scription as  correct,  and  refers  this  mythical  species,  composed 
partly  of  one  form  and  partly  of  another,  to  the  genus  Heliactis. 
No  doubt  the  structural  characters  of  the  compound  Cereus  sol 
correspond  more  closely  with  those  of  the  genus  Heliactis  than 

'  Verrill y  A.  E.    Revision  of  the  Polypi  of  the  Eastern  Coast  of  the  United 
States.    Mem.  Bost.  Soc.  Nat.  Hist.  1, 1866-69. 
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with  those  of  any  other  genus,  and  the  question  arises,  What  is 
the  Heliactia  which  Agassiz  found?  In  Verrill's  description,  as 
a  kind  of  appendix  to  the  more  detailed  account  of  the  Cereus^  a 
brief  description  is  given  of  a  form  named  by  Agassiz  Actinia 
guttata^  and  supposed  by  him  at  one  time  to  be  a  young  stage  of 
Cereus  sol.  Is  it  the  Hdiactisf  I  did  not  find  at  Beaufort  any 
form  I  could  homologize  with  the  Actinia  guttata;  it  would  be 
interesting  to  ascertain  if  such  a  form  can  now  be  obtained  in 
Charleston  Harbor,  where  Agassiz  first  found  it,  and  to  determine 
exactly  what  are  its  relationships.  Whether  Agassiz  or  Verrill 
is  responsible  for  the  confusion  of  the  first  description,  I  cannot 
state  ;  but  however  that  may  be,  the  term  Cereus  sol  must  be  con- 
sidered a  nomen  delendum^  and  to  Verrill,  for  his  description  of 
Calliactis  solj  must  be  given  the  honor  of  having  first  described 
the  species.  It  is  not  improbable,  however,  that  it  may  be 
identical  with  that  described  by  Lesueur^  as  Actinia  tricolor 
and  referred  by  Milne-Edwards  and  Haime*  to  the  genus 
Adamsia,  in  which  case  this  name  would  have  the  priority. 

To  Verrill's  description*  the  following  points  may  be  added: 
The  upper  circle  of  brownish-purple  cinclidal  tubercles  is  com- 
plete, and  below  it  is  usually  a  second  circle  of  smaller  tubercles 
more  or  less  complete.  Occasionally  a  single  row  only  is  present, 
and  in  some  individuals  the  tubercles  of  both  circles  are  of  the 
same  size,  small,  and  more  numerous  than  usual.  Teutacles  are 
arranged  in  five  cycles,  their  formulae  being  12, 12,  24, 48  and  96, 
and  they  are  distinctly  entacmseous.  Acontia  are  readily  emitted 
from  the  cinclidal  tubercles  and  from  the  mouth.  As  regards 
the  coloration,  the  column  is  some  shade  of  yellowish-brown 
marked  with  pale  brown  to  dark  purplish-brown  blotches, 
arranged  more  or  less  distinctly  into  longitudinal  bands.  The 
lips  and  pharnyx  are  bright  canary-yellow,  and  outside  this  is  a 
circle  of  rich  crimson,  varying  in  some  specimens  towards  purple. 
These  two  particulars  of  the  coloration  are  very  characteristic, 
since  they  remained  constant  in  forms  which  presented  consider- 

^  Lesueur,  G.  A.  Observations  on  Several  Species  of  the  Gtenus  Actinia,  illus- 
trated by  Figures.    Jour.  Acad.  Nat.  Sci.  I.    Philad.,  1817. 

^Milne-Edwards  and  Ilaime.  Hist,  naturelle  des  Coralliaires  proprement 
dites.    Paris,  1857. 

*  Loc.  cit. 
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able  variation  in  other  points.  The  tentacles  are  reddish  or 
yellowish-brown,  or  much  lighter,  ringed  with  brown,  or  occasion- 
ally unmarked.  In  some  individuals  the  gonidial  tentacles  were 
bright  orange-red,  in  which  case  the  acontia,  usually  white,  were 
also  orange-red. 

Specimens  of  the  average  size  had  dimensions  as  follows: 
Length  of  column  2.7  cm. ;  diameter  of  column  1.3  cm. ;  diameter 
of  base  1.8  cm. ;  diameter  of  disc  1.4  cm. ;  length  of  inner  ten- 
tacles .7  cm. ;  length  of  outer  tentacles  .3  cm.  They  live  upon 
shells,  usually  those  of  Neverita  duplicaia^  inhabited  by  hermit- 
crabs. 

3.  AiPTASiA  PALLIDA  ( Agass.).  This  form  was  first  described  by 
Verrill  from  Agassiz's  manuscripts  as  Dyaactis pallida,^  but  later 
on*  he  made  this  same  form  the  type  of  a  new  genus,  which  he 
termed  Paranihea^  so  that  in  his  list  of  North  Carolina  Actinians 
we  find  it  mentioned  as  Paranihea  pallida,  Andres  refers  it  to 
its  proper  genus,  but  changes  unnecessarily  the  specific  appellation, 
calling  it  Aiptasia  Agaasizii.  I  prefer  to  retain  the  original 
specific  term,  agreeing  with  Andres,  however,  as  to  the  generic. 

To  Verrill's  description  the  following  points  may  be  added : 
The  cinclidal  tubercles  are  about  the  middle  of  the  column, 
arranged  in  one  or  two  circles,  the  lower  circle  being  frequently 
only  partly  developed,  its  tubercles  being  placed  vertically  below 
those  of  the  upper  circle,  which  are  twelve  in  number.  The 
tentacles  are  very  strongly  entacmseous,  and  are  arranged  in  four 
cycles,  their  formute  being  12, 12,  24  and  48.  The  length  of  the 
inner  tentacles  is  about  2  cm.,  that  of  the  outer  ones  about  .6  cm. 

As  to  coloration,  it  is  possible  to  distinguish  two  varieties.  The 
form  described  by  Verrill  was  apparently  very  light  in  color, 
and  hence  the  specific  name.  Some  specimens  found  at  Beaufort 
were  also  very  light ;  but  in  the  majority  the  general  color  was 
a  dark  chestnut-brown.  This  form  we  may  call  Variety  a,  and 
its  description  is  as  follows :  Ground-color  of  the  column  is  pale 
brown,  almost  concealed  by  numerous  chestnut-brown  longitudinal 
bands  arranged  in  regular  groups.     Each  group  consists  of  a 

1  Mem.  Bost.  Soc  Nat.  Hist  1, 1866-69. 

*  Verrill,  A.  E.  Synopsis  of  the  Polyps  and  Corals  of  the  N.  Pacific  Explor- 
ing Expedition,  etc.    Proc.  Essex  Inst.  V. 
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median  broad  band  bearing  a  pair  of  cinclidal  tubercles  (^.  e.  a 
tubercle  of  each  circle),  and  on  either  aide  of  this,  and  separated 
from  it  by  a  narrow  portion  of  the  ground-color,  are  two  narrower 
bands.  Each  of  these  groups,  there  being  twelve  in  all,  is  sepa- 
rated from  the  succeeding  oue  by  a  very  fine  dark-brown  line,  divid- 
ing what  would  be  otherwise  a  comparatively  wide  band  of  the 
ground-color.  The  cinclidal  tubercles  are  of  the  ground-color. 
Tentacles  are  brown,  spotted  with  white,  and  usually  with  one  or 
two  distinct  transverse  white  bands ;  the  outer  tentacles  have  no 
white  markings.  Disc  chestnut-brown,  shading  off  to  a  greater 
transparency  towards  the  bases  of  the  tentacles.  Lips  and  acontia 
white. 

The  other  variety,  which,  since  it  was  the  one  originally 
described,  must  be  considered  the  type,  has  the  column  almost 
white  in  its  lower  two-thirds,  becoming  brownish  above,  and 
being  there  marked  with  longitudinal  bands  arranged  as  in  Var. 
a.  The  markings  are  the  same  as  those  of  the  variety,  but  are 
more  indistinct  throughout. 

This  form,  or  rather  the  var.  a,  is  the  most  common  form  at 
Beaufort,  occurring  on  the  wharves,  on  shells  on  the  mud-flats, 
and  in  very  large  numbers  on  the  oyster- rocks  in  the  "  slues  "  oflT 
the  eastern  end  of  Bird  Shoal. 

4.  Sagabtia  pustulata,  nov.  sp.  Base  ample,  wider  than  the 
column,  and  strongly  adherent.  Limbus  crenate.  Column  low, 
with  deep  longitudinal  sulci  and  transverse  rugae,  so  that  it 
appears  almost  as  if  tuberculate.  Margin  indistinct.  Tentacles 
long,  slender,  entacmSBous,  arranged  in  four  cycles,  their  formulae 
being  8,  8, 16  and  32.  Disc  moderate,  concave.  Peristome  lobed, 
prominent.  Acontia  emitted  with  reluctance  from  the  mouth 
and  upper  portion  of  the  column. 

In  color  the  column  is  green,  darker  above,  and  verging  in 
some  specimens  to  olive-green.  Tentacles  are  pale  olive-green, 
with  scattered  yellowish-white,  opaque  spots.  Disc  is  of  the 
same  shade  of  green  as  the  upper  portion  of  the  column,  and  is 
flaked  with  opaque  yellowish-white  spots,  which  arrange  them- 
selves more  or  less  regularly  in  bands  and  spots,  the  bands  occur- 
ring at  the  bases  of  the  tentacles.  At  the  bases  of  each  of  the 
tentacles  of  the  first  and  second  cycles,  but  especially  noticeable 
in  the  former,  is  a  vermilion  patch. 
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The  height  of  the  column  is  about  .6  cm. ;  diameter  of  the 
base  1-1.4  cm. ;  length  of  tentacles  of  the  inner  cycle  .9  cm. ; 
diameter  of  the  disc  .6  cm.  It  was  found  on  shells  in  shallow 
water  at  Fort  Macon. 

5.  Saqabtia  gracillima,  nov,  ap.  Base  adherent.  Column 
slender,  extensible,  with  longitudinal  sulci,  and  when  not  fully 
expanded  somewhat  rugose;  in  partial  contraction  the  upper 
portion  of  column  foWs  into  the  lower,  as  Verrill  has  described 
for  Cylista  leucolena.  Tentacles  short,  slender,  entacmseous, 
arranged  in  four  cycles,  their  formulae  being  6,  6, 12,  24.  Lips 
prominent  and  lobed.  Acontia  emitted  with  reluctance  from  the 
mouth,  at  the  upper  part  of  the  column,  and  at  the  limbus. 

The  column  is  yellowish,  transparent,  the  upper  portion 
appearing  orange  from  the  internal  parts  shining  through. 
Disc  with  numerous  opaque  yellowish  spots,  aggregated  into  an 
irregular  ring  around  the  mouth,  and  some  lines  radiating  out 
towards  the  bases  of  the  tentacles.  Tentacles  transparent,  with 
a  few  opaque  yellowish-white  spots  similar  to  those  of  the  disc. 
Peristome  olivaceous.     Pharynx  orange.     Acontia  white. 

Length  of  column  when  partly  expanded  about  .7-.8  cm., 
when  fully  expanded  2  cm. ;  breadth  of  column  when  partly 
expanded  about  .5  cm.,  when  fully  expanded  .3-.4  cm. ;  diameter 
of  disc  about  .3-.4  cm. ;  length  of  tentacles  about  .2  cm. 

Obtained  two  specimens  only ;  one  was  found  on  the  bottom 
of  a  barge,  in  company  with  sponges  and  hydroids,  the  other  on 
a  loose  shell.  The  specific  name  gracillvma  is  bestowed  as 
signifying  the  extreme  slenderness  of  the  column  when  in  full 
extension. 

This  and  the  preceding  species  both  present  the  features  of  the 
genus  Sagartia  as  seen  in  the  presence  of  acontia,  the  tentaculate 
margin,  the  absence  of  any  folds  or  tubercles  upon  the  column, 
the  presence  of  cinclides  scattered  irregularly  over  the  column, 
but  most  numerous  in  its  upper  half,  and  the  comparatively 
small  number  of  tentacles,  and  they  have,  therefore,  been  referred 
to  that  genus. 

Fam.  BUNODID^. 

6.  Phymactis  oavebnata  (Bosc),  Andres.  According  to 
Andres,  this  form  was  first  described  by  Lamouroux  as  Actinia 
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cavernata  of  Bosc.  The  first  mention  of  it  by  an  American 
author  was  by  MacCrady,'  who  described  in  1859  the  fission  of  a 
form  which  he  termed  A.  cavernosa.  In  VerrilPs  revision  of  the 
"  Polyps  of  the  East  Coast "  it  is  described  as  Bunodes  cavernata  ; 
but  later  that  author,  when  establishing  the  genus  Cladactis  for 
certain  species  obtained  on  the  Pacific  Coast,'  referred  this  form 
to  it;  and  it  is  mentioned  under  the  name  Cladactis  cavernata 
in  the  same  author's  account  of  the  Actiniae  of  North  Carolina. 
Andres,  in  his  monograph,  refers  it  to  the  genus  Phymactisy 
but  states  in  a  note  his  uncertainty  whether  it  should  not  be 
retained  in  the  genus  Bunodes,  I  have  no  doubt  that  it 
is  a  Phymactis,  The  irregularity  in  the  arrangement  of  the 
tubercles  in  the  adult,  although  in  very  young  forms  they  are 
arranged  in  vertical  rows,  is  very  evident.  The  acrorhagi  of  the 
margin  are  in  two  rows,  and  of  a  different  color  than  the 
tubercles  of  the  column.  The  tentacles  are  arranged  in  four 
cycles,  their  formulae  being  12, 12,  24  and  48. 

This  form  is  quite  abundant  at  Fort  Macon,  where  it  occurs 
attached  to  the  stones  of  the  old  Government  breakwater  above 
low-water  mark. 

7.  AuLACTiNiA  OAPiTATA,  Agass.  Tliis  haudsomo  white  form 
retains  the  name  given  to  it  by  Agassiz  in  the  manuscripts  used  by 
Verrill  in  compiling  his  revision.  The  description  there  given 
is  tolerably  correct,  and  it  need  merely  be  added  here  that  the 
tentacles  are  in  four  cycles,  their  formulae  being  12, 12,  24  and  48. 

A  few  specimens  were  obtained  buried  to  the  tentacles  in  the 
sand  on  Bird  Shoal. 

Fam.  PAEACTID^. 

8.  Paeaotis  bapiformis  (Lesueur),  M.-Edw.  Was  discovered 
by  Lesueur  in  1817,^  and  named  Actinia  rapiformis^  but  after- 
wards was  referred  to  the  genus  Paractis  by  Milne-Edwards  and 
Haime.*     Verrill,  in  all  his  papers  prior  to  1872,  retains  the 

» MacCrady.    Proc.  Elliot  Soc.  Nat  Hist  I.  Charleston,  1859. 
'  Verrill,  A.  E.   Review  of  the  Corals  and  Polyps  of  the  West  Coast  of  America. 
Trans.  Conn.  Acad.  I,  1866-71. 
"Lesueur.    Journ.  Acad.  Nat.  Sci.  I.    Philad.,  1817. 
*Loc,  cit. 
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generic  term  Actinia^  but  in  his  list  of  North  Carolinian  Actinias 
adopts  Milne-Edwards'  name. 

A  single  specimen  was  obtained  which  probably  belonged  to 
this  species,  but  unfortunately  it  died  before  a  proper  study  of 
it  had  been  made.  This  is  all  the  more  unfortunate  since  very 
little  is  accurately  known  concerning  this  form,  notwithstanding 
the  length  of  time  that  has  elapsed  since  Lesueur  first  described 
it.  According  to  Verrill,  Dr.  Yarrow  collected  considerable 
numbers  on  the  beach  at  Fort  Macon  after  southwest  storms. 
I  was  not  fortunate  enough  to  obtain  any  in  this  way,  the  single 
specimen  1  did  secure  having  been  dug  out  of  the  sand  on  Bird 
Shoal,  its  habitat  being  apparently  very  similar  to  that  of 
Atdactinia  capitaia. 

Fam.  CERIANTHLDJE. 

9.  Ceeianthtis  amerioanus,  Agass.  There  can  be  no  doubt 
that  the  form  found  by  me  belongs  to  this  species,  though  it 
differs  in  some  points  from  the  description  given  by  Verrill  in 
his  revision  from  drawings  in  the  possession  of  Professor 
Agassiz.  Thus,  the  largest  obtained  was  not  as  long  (20.5  cm.) 
as  Verrill  describes  (24-28  inches),  and  the  marginal  tentacles 
were  only  96  in  number,  arranged  in  four  cycles,  24  in  each  cycle. 
The  cinnamon-brown  of  the  column  deepened  above  into  purple- 
brown  ;  the  marginal  tentacles  were  of  a  paler  brown,  those  of 
the  outer  cycle  being  purple;  the  oral  tentacles  pure  white, 
unmarked;  the  funnel-shaped  disc  bright  yellow,  with  white 
rays  indicating  the  septa. 

Certain  of  the  differences,  the  number  of  the  tentacles,  for 
instance,  may  be  due  to  the  smaller  size  of  the  forms  I  obtained, 
and  others  may  be  due  to  Verrill's  description  having  been  made 
not  from  living  specimens,  but  merely  from  drawings. 
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NOTES  ON  MOLLUSCA  OBSERVED  AT  BEAUFORT,  N.  C, 
DURING  SUMMERS  OP  1882  AND  1884.  By  Henby 
Leslie  Osborn,  Ph.  D.,  Instructor  in  Zoology  at  Purdue  Uni- 
versity. 

I  have  prepared  these  notes  upon  the  Mollusca  of  Beaufort, 
North  Carolina,  at  the  request  of  Dr.  W.  K.  Brooks.  In  them  I 
have  aimed  to  present  a  complete  account  of  all  the  observations 
of  the  laboratory  party  upon  the  habitat  and  mode  of  life  of  the 
different  forms.  These  observations  are  found  to  be  by  no  means 
complete.  Had  the  party  been  especially  interested  in  collecting 
the  Beaufort  fauna,  the  deficiencies  in  the  list  would  be  un- 
pardonable. Such  has  not,  however,  been  the  case ;  and  every 
one  knows  how  easy  it  is  to  overlook  all  but  the  most  obvious 
facts  when  one  is  not  making  a  detailed  study  of  any  problem. 
We  have  never  dredged  thoroughly  over  the  whole  harbor  and 
neighboring  sounds,  and  often  have  not  carefully  sorted  the 
whole  content,  the  expeditions  having  been  planned  to  collect 
some  special  supply  which  we  knew  well  where  to  obtain.  The 
contents  of  the  dredge  were  well  examined  at  times,  and  at  times 
not  so.  The  more  common  and  larger  forms  would  be  most 
liable  to  capture,  and  smaller  and  rarer  forms  would  be  liable  to 
escape.  But,  in  spite  of  the  various  hindrances  to  completeness, 
I  know  that  the  list  comprises  the  great  majority  of  the  forms 
which  can  be  readily  obtained  at  Beaufort  and  the  place  of  their 
occurrence.  Many  Opisthobranchs  were  observed;  some  were 
sketched  and  some  preserved  in  alcohol.  None  of  them  have 
been  positively  identified,  and  I  place  them  for  the  present  in  a 
supplementary  list.  I  feel  reasonably  sure  that  several  are  new 
species,  but  have  not  at  present  the  material  or  the  literature 
upon  existing  forms  to  justify  me  in  attempting  their  exact 
definition.  For  the  identification  of  the  other  forms  in  many 
instances  I  am  indebted  to  Prof.  Geo.  W.  Tryon.  I  have  used 
Dr.  Coues'  list  of  the  moUusks  of  the  same  locality.*  I  take  this 
opportunity  also  to  thank  various  members  of  the  Chesapeake 

» Coues.    Proc.  Philada.  Acad.  Nat.  Sci.  1871. 
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Zoological  Laboratory  for  varionB  asaiBtance  and  specimena,  and 
Id  particDlar  Dr.  E.  B.  Wilson  and  Dr.  J.  P.  McMurrich  for  the 
nBe  of  their  figures  of  certain  Nudihra/ncha  which  I  have  never 
observed. 


LIST  OP  BBA0FORT  MOLLUSKS  AS  OBSERVED  DURING  1888 
AND  1834."         * 
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IAbI  of  Beaufort  Mollvaka  aa  ohurvid  during  1882  and  lS6i.— Continued. 


ipsoni,  MTyon.  ...... 

Xrlotria  flmbrUta,  Jeffreys 

FdoIm  cosUU.  LinD 

Marteaift  cuneiformis,  Gray. 

EnaatelU  amerlcaDa,  VeiriU 

Tagellus  ffibbus,  Orar 

Mactre  Kitidissiraa,  Chemn 

RaeU  canftliculota.  Say 

Asaphis  coccinea.  Hart.  jut.  ?..., 

Tellitia  Iris,  Say 

Telljna  alternate. 

Donai  tosaor,  Say 

Venus  mereonarifi,  Linn 

ChioDB  ciiij;enda>  Dillw. 

Cytherea  gigantea,  Chemn 

Dfisinia  dis(^us,  Reeve 

Cardium  magnum,  Bom 

Chama  macrophylla,  Chemn 

Cycliis  dentatft,  Verrill 

Lucina  (Loripes)  edetitula.  Lino. 

Solenamya  relum.  Say 

Scapharca  transversa,  Tenill 

Modiola  plieatula,  Lam 

Litliodomus  litbophague,  Linn... 

Pinna,  sp 

Pecten  dislocatiis,  Say   

Anomta  glabra.  Yernll 

Ostrea  virgiuiana,  Lister 


CEPHALOPODA. 

LoLiGO  FEALii,  Lesoeur.  Trawled  eeveral  buDcbes  of  gelatinous 
egg-capsules  on  bottom  5  miles  off  Fort  Macon  Jaly  4,  1884. 
The  aduItB  are  not  common  at  Beanfort ;  occasional  apecimens 
arc  obtained. 

PTEROPODA. 

Styliola  vmtEA,  Terrill.  Occasional  and  in  great  numbers 
when  they  are  drifted  in  from  outside.  I  took  a  vast  number  of 
specimens  late  in  September  in  '83,  at  or  near  midday,  on  the 
"  young  flood  "  tide.  They  were  taken  in  surface  towing  2  miles 
off  Fort  Macon.     Mr.  Andrews  observed  them  also  in  '85.     This 
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is  the  only  pteropod  which  has  ever  been  observed  by  our  party, 
80  far  as  known.  It  has  been  reported  as  found  at  Beaufort  by 
our  party  before  my  observation  of  it  in  '82. 

GASTROPODA  PROSOBRANCHIA. 

EuKosALPYWX  oiNEBEA,  Stm.  Very  abundant,  frequenting 
rock  breakwater  at  Fort  Macon ;  also  among  barnacles,  etc.,  upon 
wharf  piles.  Not  noticeably  abundant  upon  the  oyster-beds. 
The  eggs  are  laid  6-15  in  number,  in  cases  yellowish  in  color, 
leathery  in  texture,  with  a  short,  narrow  stalk,  and  an  oval  body, 
containing  the  eggs.  The  base  is  expanded,  forming  a  sort  of 
film  which  spreads  out  over  a  stone  or  a  dead  shell,  fusing  with 
a  similar  base  from  other  capsules.  There  are  from  five  to 
twenty  of  these  capsules  in  one  brood.  They  are  abundant  in 
early  summer,  and  scarcer  during  August  and  later. 

Latibus  ap.  Large,  broken  shells,  doubtless  of  this  genus,  are 
thrown  up  on  the  beach  at  Cape  Lookout,  which  is  more  exposed 
than  at  Fort  Macon. 

Fasoiolajsia  tulipa,  Linn.,  var.  distans  Lam.  Very  abundant 
on  mud-flats  exposed  at  low  tide  and  over  muddy  bottoms  just 
beyond  low-water  mark.  Eggs  are  laid  all  summer,  and  are 
very  abundant  during  June  and  July.  The » eggs  are  deposited 
in  capsules,  a  variable  number  in  each  capsule,  and  3-10  capsules 
in  a  group.  The  capsules  are  almost  sessile  upon  an  expanded 
film  of  leathery  substance  spread  over  a  stone,  shell,  or  other  con- 
venient anchor.  Each  capsule  is  a  triangular  pyramid  in  outline, 
1  inch  high  and  }  inch  broad  at  the  base,  attached  by  the  apex, 
and  with  its  base  somewhat  oblong,  -^  inch  broad  and  margined 
with  a  thin  rim  of  the  cartilaginous  substance  which  composes 
the  capsule.  Within  are  often  found  as  many  as  twenty  embryos, 
held  in  a  thin,  transparent,  mucilaginous  mass.  The  different 
embryos  in  a  single  capsule  are  often  very  unequally  advanced 
in  development. 

FuLGUB  OABioA,  Cour.  Locally  known  as  the  conch.  Speci- 
mens of  all  sizes  and  ages  are  extremely  abundant  everywhere 
about  the  harbor.  The  shape  of  the  egg-cases  and  capsule-strings 
is  well  known.  They  are  found  frequently,  best  upon  the  outer 
edges  of  the  sand-flats.    I  found  on  June  16  a  string  most  of 
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the  capsules  of  which  contained  eggs  which  had  just  began  their 
development.  The  string  was  complete  and  veiy  fresh  and 
clean,  and  measured  4  feet  in  length.  The  largest  capsules 
were  1^  inches  in  diameter  and  -^  in  greatest  thickness.  The 
string  was  attached  by  one  end  to  some  stone  lying  in  the  sand, 
and  floated  free  beyond  this.  I  do  not  know  which  end  is 
formed  first.  Dr.  Brooks  informs  me  that  he  has  good  reason  to 
believe  that  the  attached  end  is  oldest  and  not  youngest,  as  would 
be  the  case  if  Dr.  Coues'  statement  is  correct.' 

Stcottpus  oanaliculatus,  Gill.  Much  less  abundant  than 
Fulgur  carica^  but  not  rare;  found  in  similar  situations  with  it 
I  have  never  met  its  egg-capsules  at  Beanfort. 

Nassa  vibex,  Say.  Very  numerous  on  the  grassy  sand-flats  at 
the  edges  of  the  salt  marshes,  where  it  replaces  Ilyanassa 
obsoleta  ;  found  also,  but  less  frequently,  upon  exposed  mud-flats. 

Ilyanassa  obsoleta,  Stm.  Very  abundant  upon  exposed 
mud-flats.  Found  also,  but  less  abundantly,  upon  sand-flats. 
Dredged  occasionally  in  sounds,  and  found  among  the  species 
about  wharves.  It  is  very  generally  distributed,  and  occurs  in 
countless  numbers.  On  the  sand-bars  its  shells  are  very  frequently 
covered,  except  on  the  portion  that  touches  the  ground,  with  a 
species  of  Hydractinia.  This  is  not  found  on  Ilyanassa  from 
other  situations.  On  exposed  mud-flats  at  low  tides  they  are 
present  in  myriads.  The  dead  shells  are  used  extensively  by 
pagurids. 

Olivella  mutioa,  Say.  Dredged  occasionally  in  Bogue  Sound, 
but  I  have  never  found  it  in  large  numbers.  It  is  described  in 
Coues'  list  as  "  very  abundant,"  and  he  gives  them  the  common 
name  of  "  bead-shells."  I  have  never  seen  more  than  ten  living 
specimens. 

Oliva  litebata,  Lam.  Dead  shells  are  found  along  outer 
beaches,  and  living  forms  have  been  dredged  both  outside  and 
upon  the  outer  edges  of  sand-flats.  Dead  and  greatly  worn  shells 
are  very  abundant  on  the  beach.  This  species  is  not  mentioned 
by  Dr.  Coues. 

'  Verrill.  Kept.  U.  S.  F.  C.  I,  p.  855.  (I  have  frequentlj  captured  female 
specimens  with  half-laid  capsules.  The  large  end  is  always  in  the  OTiduct, 
while  the  smaU  end  is  fastened  to  some  solid  body  under  the  sand.  The  imper- 
fect capsules  at  the  small  end  act  as  anchors. — W.  E.  B.) 
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Tebebra  dislooata,  Say.  Living  specimens  are  found  in  very 
large  numbers  upon  the  outer  edges  of  sand-shoals  and  in  the 
places  where  lienUla  abounds.  It  is  also  found,  but  less  abun- 
dantly, upon  the  shallower  parts  of  the  shoal,  creeping  upon  the 
surface,  and  the  dead  shells  are  very  common.  I  have  kept 
them  in  aquaria  and  searched  among  them  under  their  natural 
conditions,  but  found  no  trace  of  their  eggs.  It  is  Aous  dislooa- 
TU8  of  Say,  as  mentioned  in  Cones'  list. 

Stbohbus  aIiAtus,  Qmel.  I  have  taken  this  several  times 
with  the  trawl  in  10  fathoms  off  Fort  Macon,  and  it  appears 
to  be  a  tolerably  common  denizen  of  the  bottom  several  miles 
off  shore.  I  have  nevet  seen  Stromlma  giganteics  alive  at 
Beaufort,  but  have  found  the  dead  and  worn  shells  cast  ashore 
at  Gape  Lookout. 

OvuLUM  iTNiPLicATUM,  Sowcrb.  There  are  two  varieties  of 
Ovtdum  tm.  at  Beaufort,  precisely  alike  in  shape,  but  markedly 
unlike  in  color.  One,  the  yellow-colored  variety,  lives  upon  a 
yellow-colored  Leptogorgia  vi/rgulata  found  only  in  the  shallow 
sounds  about  Beaufort.  The  other  was  found  upon  a  carmine- 
red  Leptogorgia  taken  in  trawl  in  10  fathoms  off  Fort  Macon. 
Its  color  is  carmine,  like  that  of  its  Leptogorgia.  So  far  as  I  am 
aware,  it  has  been  noticed  but  once  in  Beaufort,  but  in  consider- 
able numbers.*  The  red  Pennatulid  has  never  been  dredged  in 
the  shallow  sounds,  and  the  red  Ovulum  has  never  been  seen 
apart  from  the  red  Leptogorgia^  so  far  as  1  am  informed. 

DoLiuM  GALEA,  Liuu.  I  have  not  found  the  living  Dolium 
gaZeay  but  have  numerous  shells  found  on  outer  beaches,  both  at 
Fort  Macon  and  Beaufort  and  at  Cape  Lookout. 

Natioa  duplioata,  Say.  Found  of  all  sizes,  in  great  numbers, 
creeping  over  the  exposed  sand-shoals,  and  often  completely 
exposed  at  low  tide.  1  have  found  the  egg-masses  during  June 
and  July.  Their  shape  has  been  described  by  Prof.  Verrill  *  in 
his  Report  on  the  Invertebrates  of  Vineyard  Sound.  They  are 
common  upon  the  shoals  in  shallow  places. 

Segabbtus  PEKSPEonvus,  Say.  Less  numerous  than  the  pre- 
ceding, but  abundant  and  found  in  similar  situations.  I  have 
never  found  any  eggs  which  I  could  identify  as  those  of  Segaretue^ 

» Science,  Vol.  VI,  p.  9, 1885. 

«  Verrill.    Kept.  U.  S.  F.  0. 1,  p.  354. 
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and  the  specimens  I  have  foand  on  the  shoals  are  always  of  about 
the  same  size — viz.,  height  .57  inch,  width  1.5  inches. 

Cbepidula  foknioata,  Linn.  Very  common.  Found  very 
generally  on  old  specimens  of  Limulus^  and  found  attached  to 
shells  and  stones  almost  anywhere  where  these  may  be  found. 
I  have  noticed  this  species  on  Futgur^  Sycotypus  and  Ostrea. 
They  grow  very  large  on  LimuluSy  and  measure  sometimes  two 
inches  in  their  greatest  dimension.  In  this  and  the  two  follow- 
ing the  eggs  are  laid  in  a  gelatinous  mass,  which  is  composed  of 
a  number  of  small,  finger-shaped  bodies  held  together  at  one 
common  point  much  after  the  fashion  of  a  cluster  of  Loligo  eggs. 
These  egg-masses  were  never  found  independent  of  the  animal, 
but  always  under  the  parent,  between  it  and  the  surface  adhered 
to.  They  are  very  commonly  found  in  this  situation  in  the 
summer  months.  Removal  of  the  eggs  from  the  care  of  the 
parent  offers  no  obstacle  to  their  development. 

Oeepidula  plana,  Say.  Less  abundant  than  C.fornicataj  but 
not  rare,  and  found  in  similar  situations.  It  is  very  often  found 
adhering  to  the  inner  surfaces  of  dead  shells,  and  greatly  mis- 
shapen in  consequence  of  adaptation.  In  increased  growth 
they  tend  to  assume  greatly  elongate  forms,  while  C.fomicata 
becomes  very  broad  as  it  grows  larger.  Its  eggs  are  frequently 
met ;  they  are  in  capsules  like  those  of  C.  fomicata^  and  are 
protected  by  the  parent  in  a  similar  manner. 

Crepidula  convbxa.  Say.  Found  frequently  with  the  pre- 
ceding, and  its  eggs  are  met  in  similar  circumstances. 

LiTTOBiNA  IRROBATA,  Say.  Yory  abundant  at  Beaufort.  It 
frequents  the  marshes,  creeping  over  the  stems  of  the  marsh- 
grass,  and  often  may  be  seen  on  the  leaves  above  the  water- 
level. 

Z.  littorea  is  very  common  at  Hampton ;  may  be  found  in  un- 
limited numbers  in  Hampton  Harbor.  I  do  not  know  that  it 
has  hitherto  been  recorded  so  far  south.  Verrill  has  recorded  it 
from  Southern  New  England.^  I  do  not  recollect  to  have  ever 
seen  it  at  Beaufort. 

Oebithiopsis  terebralis,  Adams.  Found  in  large  numbers 
upon  stems  of  eel-grass  growing  in  the  border  between  the  mud- 
flats and  the  channels  in  company  with  the  following. 

>  VerriU.    Proc.  U.  S.  Nat.  Mus.  Ill,  p.  409,  1881. 
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Cerithiopsis  greenii,  Yerrill.  Very  numerous  in  situation 
with  foregoing. 

Trochus  (?),  sp.  Single  specimen  undetermined,  but  appar- 
ently a  species  of  Trochus  dredged  in  Bogue  Sound. 

FissuRELLA  ALTERNATA,  Say.  Dredged  frequently  in  Bogue 
Sound;  few  taken  in  almost  every  haul.  Found  best  on  bottom 
with  dead  shells  of  Venus  and  Ostrea^  and  usually  found  upon 
these.  The  animals  live  well  in  an  aquarium ;  but,  though  I 
have  captured  them  at  all  times  from  June  1st  till  October,  I 
have  never  seen  their  eggs  or  been  able  to  obtain  any  from 
animals  kept  in  confinement. 

Chaetopleura  apioulata,  Carp.  Taken  in  Bogue  Sound 
very  commonly,  but  never  many  at  a  time.  They  are  found  of 
all  sizes — from  very  small  ones :  length  .3  inch  to  1  inch — but  the 
eggs  have  not  been  discovered  at  Beaufort  nor  the  animal  been 
observed  to  breed  in  confinement. 

LAMELLIBRANCHIA. 

RocELLARiA  STiMPSONi,  Tryon.  We  have  dredged  in  Bogue 
Sound  on  barren  bottoms,  furnishing  for  the  most  part  deserted 
shells  of  ^*^r^a  and  Venus — huge  shells  of  Venus  mercenaria^ 
which  were  riddled  with  holes,  and  in  which  could  be  found  the 
burrows  of  Rocellaria  lined  with  cemented  bits  of  broken  shells. 

Xylotria  fimbriata,  Jeffreys.  Very  common  and  very 
destructive.  I  have  a  large  section  from  a  pile  which  had  been 
in  use  but  two  years,  and  yet  is  completely  honeycombed  by  these 
destructive  creatures.  The  same  pile  was  bored  into  by  the 
following  species.  The  Xylotria  does  not  come  to  the  surface  ; 
its  burrows  run  in  a  sinuous  course  longitudinally  of  the  log,  and 
they  do  not  cross  each  other's  path,  though  they  wind  around  each 
other  so  as  to  produce  a  complete  network  of  tubes.  These  tubes 
are  often  quite  long,  and  they  extend  finally  outward  to  the  surface, 
where  they  taper  and  open  by  a  very  small  hole,  out  of  which  the 
palets  may  often  be  seen  to  protrude  slightly.  The  burrow  is 
made  by  the  shell,  which  is  at  the  end  opposite  the  palets,  and  is 
lined  with  calcareous  material. 

Pholas  oosTATA,  Linn.  I  have  never  found  this  alive  at 
Beaufort,  but  I  have  found  numerous  shells  r.^d  fragments  of 
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shells  thrown  up  on  the  ontside  beach  at  Fort  Macon.  Accord- 
ing to  Dr.  Gould,  this  species  has  been  found  buried  in  2-3  feet 
of  mud  in  New  Bedford  (Mass.)  Harbor.  The  fact  that  the  shells 
are  found  nowhere  at  Beaufort  except  on  the  outer  beach,  leads 
one  to  suspect  that  its  situation  is  not  in  the  mud-fiats  at 
Beaufort. 

Mabtesia  ouneiformis,  Say.  Found  in  Bogue  Sound  boring 
in  dead  shells  of  Vemcs,    Very  abundant. 

Ensatella  amebioana,  Verrill.  Found  rarely  buried  one  foot 
or  thereabout  beneath  the  surface  in  the  clean  sand  or  sand- 
shoals.  Dead  shells  are  very  numerous  on  the  shores  of  the 
shoal.    My  specimens  are  only  about  three  inches  in  length. 

Tagellus  gibbus.  Gray.  Shells  found  in  enormous  numbers, 
and  the  animals  very  common ;  found  buried  about  a  foot  below 
the  surface  in  mud-flats  between  tides. 

Maotba  solidtssima,  Ohemn.  Found  by  digging  on  the  outer 
edge  of  sand-shoals ;  probably  common  there,  for  the  shells  are 
very  common  on  the  edges  of  the  beaches  of  such  shoals. 

Baeta  oanaliculata.  Say.  I  have  never  seen  this  species 
alive  at  Beaufort,  but  the  delicate  shells,  always  broken,  are 
thrown  ashore  in  great  numbers  on  the  outer  beach.  It  is 
probably  abundant  in  the  deep  water  outside. 

As  APHIS  ooooiNEA,  Mart.  juv.  t 

Tellina  IBIS,  Say.  I  have  an  unlabeled  specimen  from  Beau- 
fort, but  cannot  recall  its  situation. 

Telltna  altebnata.  Say.  Not  found  in  the  mud-flats  near 
the  laboratory,  but  very  abundant  in  similar  mud-flats  along  the 
channel,  and  farther  towards  the  outside.  It  is  found  on  this 
outer  flat  with  Dosinia  disous^  which  also  never  occurs  in  the 
mud  near  the  laboratory.  It  is  obtained  by  digging,  and  lives 
upon  flats  exposed  at  low  water. 

DoNAx  FossoB,  Say.  Very  abundant.  It  lives  in  the  pure 
sand  upon  the  outer  beach,  about  six  or  eight  inches  below  the 
surface,  and  in  the  zone  which  is  uncovered  at  low  tide. 

Venus  meboenaeia,  Linn.  Dug  in  large  numbers  in  the  flats, 
and  buried  in  the  edges  of  sand-shoal  to  await  sale. 

Chione  oingenda,  Dillw. 

Cythebea  gigantea,  Chemn.  Found  abundantly  and  of  all 
sizes — from  one  inch  long  to  six  inches — upon  the  surface  of  the 
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sand-fiats  in  the  ohter  edges ;  never  met  in  the  mud-fiats,  and 
never,  so  far  as  I  recall,  dredged  or  taken  in  the  trawl  in  the 
sonnds,  or  outside  or  about  the  mud-fiats. 

DosiNiA  DISCUS,  Seeve.  Found  sparingly  in  situations  with 
TeUina  altemata ;  dead  shells  found  very  commonly  on  outer 
beach  and  beach  of  sand-shoal. 

Cajkdium  magnum,  Eom.  Dead  shells  are  extremely  abundant 
upon  the  fort  beach  and  the  beaches  bordering  the  sand-shoals, 
and  the  animals  are  taken  in  the  dredge  in  Bogue  Sound,  and 
sometimes  found  on  Bird  Shoal,  on  its  outer  edges. 

Cyolas  dkntata,  Verrill. 

SoLSNOMTA  VELUM,  Say.  Extremely  abundant  in  the  mud- 
flats near  laboratory  between  jtides. 

SoAPHABOA  TBANSVEBSA,  Vcrrill.  Fouud  in  the  shallow  water 
on  the  edge  of  the  mud-fiats,  among  the  eel-grass ;  also  dredged 
in  Bogue  Sound.    Never  very  abundant,  but  by  no  means  rare. 

Ltthodomus  lithophagus,  Linn.  Numerous  specimens  are 
found  boring  into  the  surface  of  wharf-piles  beneath  the  bark. 
They  do  not  appear  to  do  any  sensible  damage.  The  same  piles 
are  thoroughly  honeycombed  by  Xylotria. 

Pinna  semi-nuda.  This  species  is  abundant  in  the  fiats  which 
are  near  the  laboratory.  They  do  not  grow  to  great  size,  the 
largest  ones  being  not  over  seven  inches  long  by  four  or  five 
broad. 

Pbcten  dislooatus.  Say.  Found  in  the  eel-grass  bordering 
the  channel ;  in  the  mud-fiats  near  the  laboratory ;  also  dredged 
in  Bogue  Sound. 

Anomia  glabra,  Linn.  Very  common;  attached  to  dead 
shells  of  Ostrea,  Venus^  and  other  MoUusca.  Taken  on  the  mud- 
flats ;  also  on  Bogue  Sound  and  the  sand-fiats.  The  dead  shells 
are  washed  upon  the  beaches  in  considerable  numbers. 

OsTRBA  viBGiNiANA,  Listcr.  Very  common  at  Beaufort.  On 
the  great  beds  east  of  the  town  the  long  and  narrow  oysters  stand 
with  their  axis  vertical,  and  grow  as  closely  packed  as  they  can 
stand.  The  number,  if  stated,  would  be  too  large  to  convey  any 
meaning  ;  and  the  water  is  teeming  with  the  spawn.  A  stone 
placed  in  a  wire  cage  and  sunk  on  the  fiats  was  completely 
paved  with  spat  in  three  weeks,  and  in  two  months  these  had 
attained  a  size  of  .83  inch  x  .52  inch  in  the  case  of  very  many 
individuals. 
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The  following  species  are  not  mentioned  in  Cones'  list : 

LoLiGo  PEALH,  Lesueur. 

Styliola  vitrba,  Verrill. 

Oliva  LiTEBATA,  Say. 

Steombus  alattjs,  Gmel. 

OvuLUM  UNIPLICATUM,  Sowerb. 

RocELLABiA  sTiMPSONi.     (Prob.  =1  Cones'  GastrocJiasna  sp.) 

Xylotbia  fimbbiata,  Jeffreys. 

Maetesia  cuneifobmis,  Gray. 

Don  AX  FossoB,  Say.     (Prob.  =  D.  variahiUs  of  Cones'  list.) 

Chione  oingenda,  Dillw. 

LiTHODOMOS  LITHOPHAQUS. 

I  present  with  this  resu7ne  of  onr  information  of  the  Beaufort 
mollusks  a  list  of  all  the  forms  of  Opisthobranchs  which  we 
know  to  occur  at  Beaufort,  with  as  full  description  as  the  pre- 
served material  and  notes  and  drawings  of  the  different  members 
of  the  party  will  permit. 

Aplysia,  sp.  indet  Dated  July  4,  1882.  My  note  upon 
the  colored  sketch  reads:  "  Length  11  inches ;  color  outside,  light 
olive-brown  with  large  spots  of  flesh-color ;  covered  with  warty- ' 
looking  white  patches ;  purplish  hue  showing  through  transpar- 
ent skin.  Color  within  epipodia  less  interrupted  by  wliite  patches. 
Mantle  decidedly  purple.  Gills  flesh-color  with  black."  Speci- 
mens are  brought  in  not  infrequently  by  fishermen,  who  capture 
them  outside.  They  are  known  as  the  "  sea-mule."  I  have  seen 
perhaps  half  a  dozen  like  the  one  described  above,  and  one  speci- 
men probably  Aplysia^  but  quite  different  from  the  above.  It 
is  2J  inches  long  ;  body  in  front  of  epipodia  much  shorter  ;  ten- 
tacle not  so  elongate ;  the  surface  has  a  very  wrinkled  texture, 
wuth  dark  lines  following  the  wrinkles;  general  color  olive-brown 
interrupted  with  patches  of  white.  It  is  very  possibly  a  young 
specimen  of  the  larger  form. 

DoBis,  No.  1.  Single  specimen  found  and  figured  June  24, 
1882.  Body  oval,  flat  below  and  arched  dorsally ;  foot  entirely 
covered  by  the  mantle-edge,  also  head;  single  pair  of  tentacles, 
laminate,  retractile,  black  below,  the  laminae  white ;  mantle 
tinged  brown,  yellowish  on  the  margin ;  uninterrupted  yellow 
band ;  surface  closely  covered  with  tubercles,  large,  low,  blackish 
in  color,  giving  very  warty  appearance ;  gill  composed  of  seven 
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main  stalks,  each  bearing  six  to  eight  branchlets ;  color  brownish, 
very  deep  along  main  stalks;  gill  very  contractile  and  retractile. 
Length  of  body  measured  over  mantle  to  -base  of  gills  %Ij^  inches ; 
width  ly\  inches.  Gills  expand  to  length  of  Iy\  inches.  I  have 
no  record  as  to  the  locality  of  tl^  specimen ;  tli^nk  it  was 
dredged  in  Bogue  Sound. 

Dosis,  No.  2.  Several  forms  were  obtained  in  the  same  local- 
ity and  on  dead  shells,  and  are  probably  identical  with  four 
found  by  Dr.  Osborn.  From  a  drawing  the  following  points 
may  be  added :  Color  is  yellowish,  with  brownish  dots  irregu- 
larly scattered  over  surface  of  the  mantle,  more  especially 
towards  the  periphery.  Spicules  confined  mainly  to  the  central 
area  of  mantle.  Oral  tentacles  and  gills  orange-yellow ;  eyes 
present. — J.  P.  McM. 

Another  Doris^  not  included  in  Dr.  Osborn's  list,  was  obtained 
in  the  summer  of  1885.  One  or  two  specimens  were  brought  up 
by  the  trawl  in  Bogue  Sound.  Oral  tentacles  represented  by  a 
veil,  dorsal  tentacles  not  perfectly  retractile,  branchias  not  retrac- 
tile. Mantle  voluminous,  completely  covering  the  foot,  and 
possessing  numerous  tubercles  comparatively  high  and  varying 
somewhat  in  shape.  Color  of  entire  mantle  was  pale  bluish-green 
or  gray.  Length  of  alcoholic  specimens,  about  i  inch ;  breadth 
i  inch. — J,  P,  McM, 

MouHy  No.  9.    Length  i  inch. — J.  P.  McM, 

-^EoLiD,  No.  10.    Length  about  5  mm.    Common  or  Sertularia, 

Doris,  No.  2.  Single  specimen  found  adhering  to  dead 
clam-shell  dredged  in  Bogue  Sound  July,  1884.  Mantle  volum- 
inous, tuberculated,  the  tubercles  low,  blunt,  not  so  close  as  in 
No.  1;  surface  covered  with  stony  spicules.  Gills  and  dorsal 
tentacles  wholly  retractile.  Color  brownish.  No  sketches  pre- 
served.    Specimen  (alcoholic)  lyVir  inches  long,  -^-^  inch  wide. 

DoBis,  No.  3.  Single  specimen,  labeled  "  Beaufort,  July  26, 
1882,"  It  is  brown,  tuberculated,  the  head  marked  off  from 
the  foot  very  completely  and  with  the  mouth  shutting  in  above 
both.  Gills  and  tentacles  wholly  retractile ;  the  former  of  five 
branches  bearing  "pinnate"  branchlets.  Length  -^-^  inch.  Not 
very  distinct  from  No.  2,  but  very  considerably  smaller ;  the 
tubercles  very  much  finer. 

Oliva  lftebata.  Somewhat  abundant  on  the  outer  shoals, 
where  living  specimens  were  obtained. — J,  P,  McM, 
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F188URELLA  ALTEBNATA.  Very  common  in  the  "  sines  "  off  the 
eastern  end  of  Bird  Shoal,  on  the  oyster-rocks,  associated  with 
sponges. — J.  P.  McM. 

Ancula,  sp,  nov.j  Verrill.  Three  or  four  specimens  of  this 
form  havei^een  fonnd  at  BAiufort.  Dr.  E.  B.  Wilson  found  and 
figured  one  in  1880.  The  notes  upon  the  specimen  read  as  fol- 
lows :  "  Steamboat  Wharf,  May  18, 1880.  Three  tentacles  on 
each  side  in  front,  and  only  three  lateral  tentacles.  Body 
very  changeable  in  shape.  Colors  very  vivid  on  hydroids.  Very 
active.  About  twenty  rings  on  tentacle;  gills  contractile,  not 
wholly  retractile;  no  eyes;  surface  papillose,  papillse  light- 
colored  ;  gills  lighter  at  edges,  darker  centre."  Wilson's  sketch, 
a  copy  of  which  is  in  my  possession,  shows  the  body  dark,  with 
the  rhinophores  dark,  and  the  two  other  head-tentacles  and 
the  lateral  tentacles  bright  blue,  interrupted  by  a  zone  of  bright 
yellow  in  the  middle.  This  form  was  pronounced  by  Prof. 
Verrill,  from  Wilson's  sketch,  to  be  a  new  species  of  Ancula.  I 
have  never  seen  it  at  Beaufort  at  all  abundant,  but  found  a  speci- 
men rarely,  and  sketch  agrees  with  Wilson's  description,  with  the 
addition  that  the  posterior  end  of  the  foot  is  blue,  the  color  of  the 
tentacle,  and  the  very  tip  is  bright  yellow.  There  are  five  main 
gill-lobes,  subdivided  into  numerous  branches.  My  figure  shows 
three  lateral  tentacles  on  the  left  and  four  on  the  right,  and 
Wilson's  sketches  of  dorsal  and  ventral  view  show  four  lateral 
tentacles  upon  the  left  side.  I  did  not  observe  any  styliform 
appendages  upon  the  rhinophores.  Length  .9  inch,  and  breadth 
just  in  front  of  gills  .2  inch. 

^OLiD^.  I  have  figures  and  notes,  or  preserved  specimens, 
of  ten  species  of  -Solids  from  Beaufort.  Some  are  well  enough 
defined  for  recognition ;  but  on  all  of  them  my  information  is  at 
present  most  fragmentary.  I  will  describe  them  as  far  as  pos- 
sible, hoping  in  the  future  to  be  able  to  complete  this  detached 
account. 

•  No.  1.  Very  common  2imong\he Sertularia  jnimila  thrown  up 
after  storms.  It  is  apparently  a  species  of  the  genus  JEolis,  Foot 
long  and  i^rrow,  and  tentdcularly  produced  anteriorly  on  each 
side.  Tentacles,  two  pairs;  one  pair  strongly  ringed  and  not 
retractile.  No  evidence  of  eyes  in  alcoholic  specimen.  Gills  in 
several — about  four — groups  very  readily  falling  off.     Jaw  com- 
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posed  of  delicate  plate  upon  each  side;  margin  completely 
toothed;  teeth  blunt  and  very  even.  Odontophore  composed 
of  single  row  of  teeth,  about  fifteen  in  row.  Each  tooth  shaped 
like  upper  beak  of  parrot;  four  small  denticles;  on  each  side  a 
strong  median  one.  No  record  of  color.  The  specimens  average 
.3  inch  in  length,  with  occasional  specimens  larger,  and  many 
smaller. 

No.  2.  Found  in  large  numbers  upon  a  floating  log  in  July, 
1884.  I  have  only  alcoholic  specimens  to  describe  from.  These 
were  in  life  .4-.6  inch  long.  The  foot  is  long  and  not  very  narrow ; 
there  is  no  evidence  of  tentacular  prolongation  of  sides  of  it  in 
front  The  tentacles  neither  give  evidence  of  being  ringed ;  they 
are  not  retractile.  The  gills  are  in  a  continuous  row  down  both 
sides  of  the  back,  and  are  very  numerous ;  well  separated  along 
the  dorsal  middle  line.  No  eye  shows  in  the  alcoholic  speci- 
mens. The  color  was  brown,  faintly  reddish,  due  to  the  gills, 
the  body  itself  being  hardly  colored.  The  jaw  is  made  up  of 
two  very  strong  pieces,  one  on  each  side,  supported  by  a  continu- 
ous row  of  short,  blunt  teeth  upon  the  biting  margin.  The  odon- 
tophore is  made  up  of  a  long  row  of  teeth  in  a  single  series;  each 
tooth  has  one  strong  central  tooth,  and  about  five  finer,  sharp- 
pointed  teeth  on  the  sides  of  the  central  tooth,  all  united  in  one 
single  plate  shaped  much  as  in  No.  1. 

No.  3.  No  specimens,  but  colored  sketches  of  a  species  frequent 
upon  the  bark  of  wharf-piles,  and  upon  bryozoa  and  hydroids 
attached  to  these.  I  have  figures  of  what  would  appear  to  be 
three  species.  One  of  these  has  the  foot  angularly  produced 
anteriorly,  and  two  pairs  of  tentacles,  neither  ringed  ;  has  a  black 
eye-spot  just  behind  the  hinder  pair  of  tentacles,  and  a  small 
patch  of  bright  vermilion-red  just  under  the  skin  on  each  side  of 
the  head  between  the  tentacles.  Tentacles  very  faintly  yeflowish- 
tinged.  The  general  color  is  brown-gray.  The  gills  are  in 
nine  transverse  rows,  three  to  four  on  each  side,  and  each  gill 
is  dark  brown  (Vandyke  brown),  internally  tipped  with  lighter 
brown,  and  interrupted  almost  at  the  tip  by  a  small  patch  of 
brilliant  vermilion-red.     Length  ,57  inch. 

No.  4.  Figure  from  a  specimen  found  upon  Eudendrium  at 
steamboat  wharf  in  Morehead  City,  July  12,  1884.  This  was 
much  more  highly  colored  than  the  specimens  of  No.  3  I  have 
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seen,  as  well  as  unlike  them  in  Bliape,  and  is  probably  generically 
distinct.  The  general  color  of  the  body  was  light  brown  ;  of  the 
foot,  flake-white ;  of  the  posterior  end  of  the  body,  bright  blue. 
The  form  was  elongated  ;  the  foot  angularly  produced  in  front ; 
the  tentacles  two,  not  ringed,  deeper  brownish  in  color.  At  the 
extreme  front  a  bright,  narrow  band  of  vermilion  started  and 
ran  backward  down  tlie  middle  line  about  one-tenth  the  length 
of  the  body.  The  gills  were  very  numerous,  and  bunched  in 
three  sets  upon  each  side.  The  filaments  were  very  long  and 
narrow,  and  finely  tapering.  The  filaments  were  all  of  them 
vividly  colored :  very  dark  brown  below,  surmounted  near  the  top 
by  a  narrow  band  of  bright  vermilion,  this  by  an  equal  band  of 
bright  yellow,  and  finally  the  tentacle  tipped  with  flake-white.  I 
have  no  note  upon  the  size  of  this  specimen,  but,  as  I  recall  it, 
it  was  not  over  -^  inch  in  length. 

No.  5.  One  specimen  figured  was  taken  in  Bogue  Sound  June 
17, 1884.  It  is  much  like  No.  3,  except  in  respect  to  the  tentacle. 
Body  elongate,  tapering  behind  ;  color  brownish,  very  light  and 
transparent.  Foot  angularly  produced  anteriorly.  Gills  about 
the  same  as  in  No.  3  as  to  disposition,  also  as  to  color.  The 
posterior  pair  of  tentacles  are  foliated,  with  a  narrow  stalk  and 
club-shaped  outer  portion ;  the  central  rachis  is  pure  flake- white, 
as  also  the  tip  ;  the  body  of  the  tentacle  is  brilliant  vermilion  ; 
the  color  of  body  of  the  tentacle  is  interrupted  by  rings  of  the 
same  white  as  the  stem  and  tip.     Length  -^-^  inch. 

No.  6.  Facelina  pilata,  Verrill  and  Emerton.  Dated  May 
18,  1880.  Specimen  found  and  figured  by  Dr.  Wilson,  and 
named  by  Prof.  Verrill.  In  the  figure,  five  bright  red  spots 
surrounded  by  white  ring,  upon  brownish  ground,  show  along 
the  dorsal  regions :  one  behind,  the  other  well  forward  ;  a 
second  two  farther  back,  and  a  single  one  about  half-way  of  the 
body's  length.  Wilson's  note  says  :  "  Areas  about  spots  pearly 
white.  Tentacles  scarcely  ringed,  though  there  are  obscure  indi- 
cations of  them.  Dorsal  gills  obscurely  arranged  in  five  rows,  but 
posteriorly  the  rows  are  very  indistinct.  Body  with  a  promi- 
nent swelling,  which  pulsates  with  heart  beneath."  Length  .4 
inch.     I  have  never  met  this  species  at  Beaufort. 

No.  7.  Facelina,  sp.  nov.^  Verrill.  A  specimen  labeled  "  Va- 
cillaria,  sp.  nov.  (Verrill),"  is  figured  by  Wilson.     The  name 
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YacUlaria  halfe  no  doubt  been  accidentally  substitnted  for 
FaceLi/na,  The  view  is  a  ventral  one,  but  the  character  figured 
indicates  without  doubt  Facelina  as  the  genus.  The  anterior 
end  of  the  foot  drawn  out  into  very  finely  tapering  tentacular  pro- 
cesses ;  a  pair  of  head-tentacles,  also  a  pair  of  dorsal  ringed 
tentacles.  The  rings  strong,  and  eleven  in  number.  Gills  are 
present  upon  the  dorsal  surface ;  these  seem  to  be  disposed  in  five 
sets.  They  are  tipped  with  blue,  and  have  a  narrow  ring  of  red 
just  below  the  tip.  The  remainder  of  the  gill  and  the  general 
Burface  are  grayish.  Posteriorly  the  foot  is  tipped  for  one-third 
its  length  bluish.     Length  1.1  inches ;  rhinophore  .2  inch  long. 

No.  8.  Facelina  pilata,  Verrill  and  Emerton.  One  of  three 
.-^lids  figured  by  Dr.  J,  P.  McMurrich,  in  July,  1885,  which  I 
will  describe  from  his  figures.  It  is  in  shape  and  color  very 
nearly  like  No.  7,  and  probably  is  identical  with  it.  It  is  a 
dorsal  view.  Foot  angular  in  front ;  anterior  tentacles  yellowish- 
tipped;  dorsal  tentacles  ringed.  Eyes  present  behind  dorsal 
tentacles.  Body  tinged  bluish  (Wilson's  is  figured  as  bluish  pos- 
teriorly). Gills  in  four  clusters,  reddish  tipped  with  blue, 
brighter  red  just  below  the  tip.     Length  A  mm. 

No.  9.  Dated  Beaufort,  N.  C,  July,  1885.  Body  tapering. 
Foot  tentacular  anteriorly.  Two  pairs  tentacles ;  dorsal  ones  not 
ringed,  simple.  Eyes  present  behind  dorsal  tentacles.  Strip  of 
red  on  each  side  of  head,,  and  on  body  behind  dorsal  tentacles. 
Gills  very  numerous,  in  ten  fairly  distinct  rows ;  four  or  five  short 
filaments  in  each  row,  on  each  side.  Filaments  all  colored  alike  : 
blue-purple  below,  tipped  with  yellow.  Foot  bluish,  with 
decided  blue  posteriorly.  Faint  reddish  line  down  middle  of 
dorsal  region  behind  gills.  Size  ndt  given.  This  species  agrees 
fairly  well  with  Montagua  vermifera^  Verrill,^  excepting  in  the 
colors,  which  are  less  vivid  than  here,  but  with  much  the  same 
distribution. 

iTo.  10.  Specimen,  figured  by  McMurrich  and  labeled  "  com- 
mon," is  one  I  have  never  seen.  The  foot  is  broadly  elongate, 
slightly  angled  in  front,  bluish.  Bluish  patch  upon  front  of 
head  in  middle  line.  Anterior  tentacles  very  long,  not  sharp- 
pointed  ;  posterior,  simple  shorter.  Body  4-lobed,  each  lobe 
bearing  about  six  slender,  obtusish  gills ;  each  lobe  with  a  ring 

*  See  Vineyard  Sound  Report,  I,  p.  666. 
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of  darker  brownish  color.    The  gill-filaments  brownish-colored, 
interrupted  by  short,  lighter  patches. 

Fam.  TRlTONIADifi. 

ScYLLABA,  8jp.  iTidet}  One  specimen  found  thrown  upon  Fort 
Macon  beach  after  an  easterly  gale  July  6th,  1884.  Foot  long 
and  very  narrow  and  grooved.  Body  strongly  compressed  later- 
ally and  terminated  posteriorly  by  vertical,  fin-like,  flattened  por- 
tion; two  lateral  expansions  on  each  side,  thin,  and  with  the 
edges  very  delicate,  very  mobile.  Single  pair  of  tentacles, 
retractile  into  sheaths  broadly  expanded  above,  with  the  posterior 
edge  very  delicate  and  wavy.  Gills  very  gauzy,  white,  spread 
out  on  short  stalk,  numerous — eight  or  nine  on  the  dorsal 
surface  of  each  lateral  mantle-lobe.  Body  light  Thrown,  becoming 
very  light — almost  pure  white— on  the  delicate  edges  of  the  hinder 
part  of  tentacle-shields,  lateral  expansions  and  tail-fin.  Natural 
habit  is  creeping  upon  the  stems  of  Laminaria;  but  the  creature 
swims  readily,  with  fish-like  motion.  Measurements  (from  draw- 
ing): Length  2  inches;  height  at  middle  A  inch;  epipodia? 
length  from  body  to  tip  .7  inch;  width,  .2  inch;  tentacle- 
shields,  height  A  inch;  much  expanded  at  tip:  width  .24  inch; 
tail-fin,  height  .5  inch. 

Fam.  PHYLLIDElD^. 

Pleuro-phyllidia  8p.  indet.  Extremely  abundant  upon  the 
outer  edge  of  Bird  Shoal  in  association  with  Renilla.  Dredging 
for  the  latter  always  brings  a  number  of  specimens  of  this ;  and 
they  are  abundant  during  the  entire  summer.  This  description 
is  from  my  notes  on  living  specimen,  made  June  5, 1882 :  "  Color 
gray;  foot  lighter  than  mantle;  both  margined  with  white,  and 
the  mantle  marked  with  a  central  and  eight  or  ten  lateral  longi- 
tudinal broad  white  baqds  which  run  its  entire  length,  and  seven 
narrow  bands  of  white  lying  in  the  spaces  between  the  broad 
ones  and  not  extending  the  whole  length  of  the  mantle.  Gills 
very  short,  in  many  rows  on  the  under  side  of  the  mantle.  Two 
short,  knobbed  tentacles.  Length  1-^^^  inches ;  breadth  S  inch." 
The  tentacles  are  situated  close  together  in  the  middle  line  in 

1  See  Science,  Vol.  VI,  p.  9, 1885. 
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front  and  are  tipped  with  very  numeroas  white,  fangna-like 
plaits.  The  gills  are  brown,  as  well  as  the  body  in  the  mantle- 
groove,  and  the  exposed  parts  of  the  foot  and  head  are  dark  gray, 
the  color  of  the  body  above.  The  dentition  is  50-150.  The 
median  tooth  is  broad,  with  a  single  strong  median  denticle  and 
ten  smaller  denticles  on  each  side,  and  with  about  two  feebly 
developed  denticles  on  the  slope  of  the  large  median  one.  The 
lateral  rows  are  composed  of  claw-shaped  simple  teeth,  and  there 
are  very  many  in  each  row — in  the  fullest  row  as  high  as  fifty. 
The  jaws  are  strong  and  cavernous,  the  margin  simple. 


III. 

NOTES  ON  EOHINODERMS  OBTAINED  AT  BEAUFORT, 

N.  0.    By  H.  P.  Nachtrieb. 

Starfish  :  Luidia  clathrata  and  Aatropecten  articulatus. 
Are  both  found  out  in  the  ocean,  especially  oflFShackleford  Beach. 
They  probably  spawn  early  in  the  spring — before  June.  The 
larvae  I  raised  were  raised  from  eggs  artificially  fertilized  during 
August  (Ang.  14th).  The  reproductive  organs  of  the  starfish  at 
this  time  contained  very  few  mature  reproductive  elements.  These 
Cleans  did  not  increase  in  size  during  the  summer.  Asterias 
Forhesii  (?)  is  found  about  the  town- wharf  in  spring,  and  during 
the  summer  up  Bogue  Sound  near  Carolina  City,  in  the  bay 
at  Cape  Lookout,  and  various  other  places.  This  species  is 
particularly  migratory,  and  was  not  suflSciently  studied  to  make 
out  its  habits.  It  probably  spawns  some  time  before  May,  or 
early  in  May. 

Ophidrids:  Ophiophragmus  Wnrdemanii.  Habitat:  Sandy 
mud  along  low- water  mark  off  Shark  Shoal,  opposite  freight 
depot.  Stray  specimens  were  found  in  other  parts  of  Shark 
Shoal,  and  a  very  few  specimens  were  found  on  Bird  Island 
Shoal.  Spawning-time  seems  to  be  about  September.  My 
material  for  the  development  was  obtained  from  eggs  artificially 
fertilized  in  the  first  week  of  September  (Sept.  7th).  Develops 
into  a  young  ophiurid  within  forty-eight  hours.  Development 
without  pluteus. 
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Ophiothrix  angulata.  Habitat:  Cavities  of  sponges;  especially 
abundant  in  sponges  found  near  "  Green  Rock."  Seems  to 
spawn  during  the  summer.  Mature  reproductive  elements  can 
be  obtained  during  July,  August  and  September. 

Ophiura  hrevispina^  var.  Olivacea.  Habitat :  Among  the  eel- 
grass  on  the  muddy  bottom  in  front  of  the  Gibbs  House,  and  in 
all  other  parts  of  the  harbor  with  a  similar  bottom.  The  most 
abundant  and  most  easily  obtained  species.  Seems  to  spawn 
during  the  summer.  My  material  was  obtained  during  July 
(July  7th-9th). 

Another  undetermined  species  was  found  out  on  the  ocean- 
bottom.  I  think  there  are  several  specimens  of  this  in  the  labo- 
ratory. It  is  one  with  a  well-developed  and  beautifully  symmetri- 
cally arranged  system  of  plates. 

EoHiNoiDs:  Mellita  testvdinata.  Bird  Island  and  Shark 
Shoals  and  other  sandy  bottoms ;  both  in  places  uncovered  at 
low  tide  and  in  places  always  under  water.  Very  abundant  at 
a  depth  from  a  foot  to  several  fathoms.  Spawns  early  in  summer 
— June  and  July ;  perhaps  also  before  this. 

Moira  atropos.  Abundant  on  Shark  Shoal  opposite  freight 
depot  of  Morehead  City.  Also  found  on  other  neighboring  shoals. 
None  or  but  very  few  on  Bird  Island  Shoal.  Spawns  in  sum- 
mer.    My  material  is  from  eggs  spawned  August  22d. 

Arbada  pv/nctata  and  Strongylocentrotus  droehachiensis  are 
found  up  Bogue  Sound  near  Carolina  City,  and  in  various  other 
parts  of  the  harbor,  etc.     Both  spawn  early  in  summer. 

HoLOTHUKiANs  I  Cucumaria f  Mud  in  front  of  labora- 
tory and  on  Shark  Shoal.     Spawns  during  the  summer. 

Thyone  f     In  company  with  Cucumaria^  but  much 

less  abundant.  Probably  also  spawns  during  the  summer.. Both 
species  throw  off  only  a  few  ova  at  a  time. 

Synapia ?    Sandy  mud  of  various  shoals  about  Shark 

Shoal.  Not  very  abundant.  Either  spawns  during  the  winter 
or  early  in  the  spring — very  likely  early  in  the  spring. 
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IV. 

A  LIST  OF  THE  FISHES  OF  BEAUFORT  HARBOB,  N.  0. 
By  O.  P.  Jenkins,  De  Pauw  University,  Ind. 

In  the  summer  of  1886,  while  attending  the  session  of  the 
Marine  Laboratory  of  the  Johns  Hopkins  University,  held  at 
Beanfort,  N.  C,  I  made  a  collection  of  fishes  of  the  harbor. 

My  collection  contained  about  eighty  species,  which,  together 
with  some  others  which,  on  account  of  their  size  or  other  reason, 
I  was  unable  to  preserve,  made  in  all  eighty-five  species  which 
came  under  my  observation. 

In  the  Proceedings  of  the  Philadelphia  Academy  of  Natural 
Sciences  for  1877,  Dr.  Yarrow  published  a  list  of  the  fishes 
observed  by  him  and  Dr.  Coues  in  Beaufort  Harbor  and  vicinity. 

In  the  Proceedings  of  the  U.  S.  National  Museum  for  1879, 
Dr.  Jordan  and  Prof  Gilbert  published  a  list  of  the  fishes  of 
Beaufort  Harbor,  which  contained  both  those  of  Dr.  Yarrow's 
list  and  those  which  they  added  from  a  collection  made  by  them 
IB  the  summer  of  1878. 

In  the  following  list  are  given  those  of  the  above  lists,  with  the 
addition  of  twenty-three  species  which  are  in  my  collection,  but  do 
not  occur  in  either  of  the  lists  mentioned. 

A  separate  list  of  these  species  is  appended  to  the  general  list. 

In  the  following  list  there  are  omitted  certain  species  of  the 
former  lists  which  are  now  no  longer  recognized  by  authors. 

The  numbers  in  parentheses  following  the  specific  name  are 
those  of  Dr.  Jordan's  "  Catalogue  of  the  Fishes  Known  to  Inhabit 
the  Waters  of  North  America"  (1886,  Washington). 

The  numbers  following  these,  marked  S.,  are  those  of  Jordan 
and  Gilbert's  "Synopsis  of  the  Fishes  of  North  America"  (1882, 
Washington). 

The  fishes  of  my  collection  have,  for  the  most  part,  been 
deposited  in  the  museum  of  the  Indiana  State  University. 

Dr.  Jordan  has  had  the  kindness  to  examine  the  collection, 
and  to  give  me  aid  in  studying  it.  ^ 

1.  Branchiostomid^. 

1,  Hranchioatoma  lanceolaUtm  (Pallas),  (1).  Synopsis  1* 
Lancelet.  Found  on  Bird  Shoal.  (Extremely  abundant  in 
Hampton  Roads,  Va.— W.  K  B.) 
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2.    GALBOBHINIDiB. 

2.  Carcharhinus  terrcB^novcB  (Richardson),  (44).  S.  30.  Sharp- 
nosed  Shark.  Abundant.  Obtained  one  specimen  seven  feet 
in  length. 

S.  Sphybnid^. 

3.  Spkyma  tihuro  (Gill),  (45).  S.  31.  Shovel-headed  Shark. 
Abundant,  although  less  so  than  the  preceding. 

4.  Sphyma  zygcma  (Lin.),  (47).  S.  32.  Hammer-headed 
Shark.    One  specimen  recorded  by  Dr.  Yarrow. 

■ 

4.   ODONTASPIDIDiE. 

5.  Carchariaa  littoralis  (Mitchill),  (49).  S.  34.  Sand  Shark. 
One  specimen  recorded  by  Jordan  and  Gilbert. 

5.  Pristididje. 

6.  Priatis  pectinatus  Latham  (66).  S.  44.  Saw  Fish.  Three 
specimens  were  seen.    Obtained  a  ^*  saw  "  39  inches  in  length. 

6.  Baiidab. 

7.  Raia  Icsvis  Mitchill  (75).  S.  52.  Barndoor  Skate.  Re- 
corded by  Dr.  Yarrow  as  common.    Not  seen  by  me. 

7.    TOBPEDINID^. 

8.  Torpedo  occidentalis  Storer  (76).  S.  46.  Torpedo. .  A 
fisherman  described  to  me  the  catching  and  experimenting  with 
a  torpedo. 

8.    TBYGONIDiE. 

9.  Pteroplatea  maclura  (Le  Sueur),  (83).  S.  59.  Butterfly 
Skate.    Abundant. 

10.  7Vy^(m  *ayi  (Le  Sueur),  (87).  S.  62.  Sting  Bay.  Abundant 

9.  Myliobatid^. 

11.  Stoasodon  narinari  (Euphrasen),  (92).  S.  66.  Bishop 
Bay.     One  large  specimen  seen  by  Jordan  and  Gilbert. 

12.  MiliolatisfreminviZlei^  Le  Sueur  (94).  S.  67.  Eagle  Bay. 
Becorded  by  Jordan  and  Gilbert. 
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10,   CEPHALOFTEBIDiB. 

1».  Mania  Mrostris  (Walbaum),  (97).    S.   70.    Devil  Fish. 
Two  specimens  were  caught  at  Cape  Lookout. 

11.   AoiPXNSBBIDiB. 

14.  Acipenser  hrevirostnmi  Le  Sueur  (105).     S.  78.     Stur- 
geon.   Eecorded  by  Jordan  and  Gilbert 

12.   LsPIDOSTEIDiB. 

15.  Lepidosieris  oaseua  (Lin.),  (107).  S.  80.  Gar  Pike.  One 
specimen  caught  off  the  wharf  by  Dr.  Brooks. 

V 

13.   SlLUBID^. 

16.  Oaleichthys  felts  (Lin.),;(138).  S.  110,  111.  Sea  Catfish. 
Oommon.  A  fisherman  brought  to  Dr.  Brooks  a  specimen  with 
several  large  eggs  in  its  mouth. 

17.  JElurichthys  marintcs  (Mitch.),  (141).  S.  112.  Gaff-top- 
saiL    Becorded  by  Jordan  and  Gilbert. 

14.  Albulidjb. 

18.  Albula  wipes  (Lin.),  (429).  S.  431.  Lady  Fish.  Reported 
by  Dr.  Yarrow  on  the  authority  of  a  fisherman. 

15.  Elopidjb. 

19.  Flops  saurus  JAa.  {^ZZ).  8.435.  Horse  Mackerel.  One 
large  specimen  seen  by  Jordan  and  Gilbert. 

20.  Megalops  atlanticus  Cuv.  and  Val.  (434).  S.  436.  Jew 
Fish.    Reported  by  Dr.  Yarrow  on  the  authority  of  a  fisherman. 

16.  Clupeidjs. 

21.  Clupea  mediocris  Mitch.  (443).  S.  443.  Hickory  Shad. 
Keported  by  Dr.  Yarrow. 

22.  Clupea  vemalis  Mitch.  (444).  S.  444.  Alewife.  Re- 
ported by  Dr.  Yarrow. 

23.  Clujpea  sapidissima  Wilson  (446).  S.  446.  Common 
Shad.     Reported  by  Dr.  Yarrow  as  common  in  the  Neuse  River. 

24.  Ojpisthonema  oglinum  (Le  Sueur),  (451).  S.  448.  Thread 
Herring.     Obtained  a  number  of  specimens  at  Cape  Lookout. 
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25.  Brevoortia  tyrannus  (Latrobe),  (453).     S.  450.     Fat  Back^ 
Menhaden.    Very  abundant. 

17.  Engraulid^. 

26.  StolejpJwrus  hrowni  (Gmelin),  (460).  S.  453.  Sardine, 
Anchovy.     Abundant. 

18.  Synodontid-S}. 

27.  SynoduB  fostens  (Lin.),  (477).  S.  463.  Sand  Pike.  Yery 
common. 

19.    CYPEINODONTIDiE. 

28.  Cy^prinodon  variegatua  Lac^p^de  (545).   S.  525.  Common. 

29.  Fundulus  majalis  (Walbaum),  (557).  S.  532.  Rock  Fish. 
Very  common. 

30.  Fundulus  heteroclitics  (Lin.),  (566).  S.  543.  Killifish. 
Common. 

31.  Gamltma  patruelis  (Baird  &  Girard),  (585).  S.  551,552, 
662.     Common. 

20.    CONGRID^. 

32.  Conger  conger  (Lin.),  (636).  S.  588.  Conger  Eel.  Ob- 
tained two  specimens. 

21.    ANGUILLIDiE. 

33.  Anguilla  anguilla  rostrata  Le  Sueur  (638).  S.  587.  Com- 
mon Eel.    Common. 

22.  Belonid^. 

34.  Tylosums  Mans  (Cnv.  &  Val.),  (654).  S.  696.  Gar  Fish. 
Common. 

35.  TylosuTua  marinus  (Bloch  and  Schneider),  (660).  S.  599. 
Not  distinguished  from  the  preceding  by  the  fishermen. 
Common. 

36.  Scomberesox  aaurua  (Walbaum),  (663).  S.  601.  Saury. 
Recorded  by  Dr.  Yarrow.  , 

37.  Hemirhamphua  unifaaciaius  Ranzani  (665).  Obtained 
numerous  specimens  at  Cape  Lookout. 

38.  Ilalocypaelua  evolana  (Lin.),  (672).  S.  606,  607.  One 
young  specimen  obtained  by  Jordan  and  Gilbert. 
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39.  Exocmtw  hsterurvs  Rafinesque  (677).  S.  610,  613.  Fly- 
ing Fish.     Seen  by  Dr.  Yarrow. 

23.  Sykgnathidje. 

40.  Siphoatoma  floridm  Jordan  and  Gilbert  (689).  S.  615J. 
Pipe  Fish.    Common. 

41.  Hippocampus  punctulatua  Guichenot  (697).  S.  619J. 
Sea  Horse.  Obtained  four  specimens.  Common  in  eel-grass. 
W.  K.  R 

24.    FlSTULARIID^. 

42.  Fistvlaria  taboGca/ria  Lin.  (702).  S.  622.  Trumpet  Fish. 
Seen  by  Dr.  McMurrich  in  summer  of  1884. 

25.   MUGILID^. 

43.  Mugil  cephaltcs  lin.  (715).  S.  633, 6^4.  Jumping  Mullet. 
Very  abundant. 

44.  Mugil  curema  Cuv.  &  Val.  (717).  S.  635.  White  Mullet. 
Common.    Jordan  and  Gilbert. 

45.  Qurerimana  gyrana  Jordan  and  Gilbert  (721).  A  very 
small  fish,  thought  by  the  fishermen  to  be  the  young  of  the  Mullet 
or  Blue  Fish.  Obtained  numerous  specimens  from  a  large  school 
at  the  wharf  at  Shackleford  Banks. 

26.  Atherinid^. 

46.  Atherina  Carolina  Cuv.  and  Val.  (724).  S.  636.  Friar. 
Reported  by  Cones  and  Yarrow. 

47.  Menidia  jmenidia  (Lin.),  (734).    S.  644.    Silver  Side. 

27.  Sphyr^nid-E. 

48.  Sphyrcena  horealis  De  Kay  (739).  S.  649.  Barracuda. 
*'  Young  specimens  common."    Jordan  and  Gilbert,  W.  K.  B. 

28.   EcHENEroiD^. 

49.  Echeneis  naucrates  Lin.  (750),  S.  657.  Pilot.  Three 
specimens  were  obtained,  two  from  sharks  and  one  caught  by 
hook  and  line. 

60.  Bemora  remora  (Lin.),  (762).  S.  658.  Kemora.  Seen  by 
Dr.  Yarrow. 
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29.  Elaoatid^ 

51.  Elacate  Canada  (Lin.),  (756).  S.  661.  Cabio.  Oral> 
eater.  Occasionally  brought  in  by  fishermen.  One  specimen 
obtained.    W.  K.  B; 

30.   XiPHIID-ffi. 

52.  Xvphias  gladivs  Lin.  (757).  S.  662.  Sword  Fish.  Occa- 
sionally reported  by  fishermen.     W.  K.  B. 

31.  Tbichiurid^. 

53.  Trichiurus  lepiurus  Lin.  (760).  S.  666.  Hair  Tail. 
One  specimen  brought  to  the  laboratory.    W.  K.  B. 

32.  SOOMBBID^. 

54.  /S'comJeromeTri^  Wwt^Za^t^  (Mitch).,  (767).  S.  671.  Span- 
ish Mackerel.     Common. 

55.  Scomberomorus  regalia  (Bloch),  (768).  S.  672.  Cero. 
Reported  by  Dr.  Yarrow. 

66.  Sarda  aarda  Bloch  (771).  S.  674.  Bonito.  Reported 
by  Dr.  Yarrow. 

57.  Orcynus  thynnus  (Lin.),  (774).  S.  677.  Horse  Mackerel. 
Two  specimens  seen. 

33.  CABAlTOIDiB. 

58.  Caranx  lartholorndd  Guv.  and  Val.  (784).  S.  687,  688. 
Obtained  several  specimens. 

59.  Caranx  chrysus  (Mitch.),  (785).  S.  635.  Crevall6. 
Common. 

60.  Caranx  latua  Agassiz  (786).  S.  690.  Obtained  a  few 
specimens. 

61.  Caranx  hippos  (Lin.),  (787).  S.  691.  Reported  by  Dr. 
Yarrow. 

62.  Caranx  crinitus  Akerly  (790).  S.  692.  Cobbler  Fish. 
Reported  by  Dr.  Yarrow. 

63.  Fomer  aetipinnis  (Mitch.),  (791).  S.  694.  Moon  Fish. 
Obtained  a  number  of  specimens. 

64.  Silene  vomer  (Lin.),  (793).  S.  693.  Moon  Fish.  Obtained 
a  number  of  specimens. 
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65.  Chloroscombrua  chrysurua  (Lin.),  (794).  S.  695.  One 
young  specimen  obtained. 

66.  Trachynotus  carolimcs  (Lin.),  (796).  S.  696.  Pompano, 
Snn  Fish.     Common. 

67.  Trachynotus  rhomboides  Bloch  (800).  S.  697.  One 
specimen  obtained. 

68.  Naucraies  ductor  (Lin.),  (803).  S.  700.  Pilot  Fish. 
Given  in  Dr.  Yarrow's  list  on  the  authority  of  a  fisherman,  but 
omitted  by  Jordan  and  Gilbert  as  being  easily  confounded  with 
tlie  next.    Not  seen  by  me. 

69.  Seriola  zonata  (Mitch.),  (804).  S.  704.  Rudder  Fish. 
One  specimen  obtained  by  Dr.  Yarrow. 

34.    PoMATOMIDiE. 

70.  Pomatomus  saltairix  (Lin.),  (814).  S.  708.  Blue  Fish. 
Abundant. 

35.    NOMEIDJB. 

71.  Nomeus  gronovii  (Gmelin),  (815).  S.  709.  One  young 
specimen  about  one-fourth  of  an  inch  in  length  caught  with  the 
tow-net,  swimming  free.  In  the  fall  it  is  common;  then  found 
only  in  a  medusa  {Siomolophics)^  the  medusa  neyer  being  found 
-without  a  Nom&as. 

36.  Stkomateid^. 

72.  Stroraateus  iriacanthuB  Peck  (819).  S.  712.  Dollar 
Fish.    Eeported  by  Coues  and  Yarrow. 

37.  Seebanid^. 

73.  Boccvs  septentrionalis  (Bloch  and  Schneider),  (954).  Sr 
830.     Striped  Bass.     Reported  by  Dr.  Yarrow. 

74.  HocGus  americanvs  (Gmelin),  (957).  S.  833.  White 
Perch.  Eeported  by  Dr.  Yarrow  as  abundant  in  the  New  and 
Neuse  Rivers. 

75.  Serranus  atrarius  (Lin.),  (958).  S.  836.  Black  Fish. 
Abundant. 

76.  Serranua  jphUadelphicus  (Lin.),  (960).  S.  837.  Obtained 
a  few  specimens. 

77.  Serranus  suhUgarius  (Cope),  (963).  S.  839.  Obtained 
several  specimens. 
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78.  Myeter<^perca  mio-olepis  Good  and  Bean  (979).  8.  846. 
Obtained  one  specimen. 

79.  Epinephcdua  morio  (Cuv.  and  Val),  (983).  S.  849.  Ked 
Grouper.     One  specimen  reported  by  Dr.  Yarrow. 

38.  Spabid^. 

80.  Orthopristia  chrysopterui  (Lin.),  (1026).  S.  867,  868.  H(^ 
Fiflh,    Very  abundant. 

81.  Hc^mulon  plumieri  Lac.  (1046).  S.  872.  Black  Grant. 
Given  by  Dr.  Yarrow,  but  thought  by  Jordan  and  Gilbert  to  be 
confused  with  the  preceding. 

82.  Stenotomus  chrysops  (Lin.),  (1063).  S.  881.  Scup.  Not 
common. 

83.  Diplod-us  rhomhoidea  (Lin.),  (1064).  S.  882.  Pin  Fidi, 
Kobin.    Very  abundant. 

84.  Diplodus  probaiocephalm  (Walbaum),  (1066).  S.  883. 
Sheepshead.     Abundant. 

SS.  Diplodus  hoIhrooU  (Bean),  (1067).  S.  884,  885.  Spot 
tailed  Pin  Fish.    Very  abundant. 

86.  Kypho8U8  sectatrix  (Lin.),  (1069).  S.  887.  One  specimen 
obtained  by  Jordan  and  Gilbert. 

39.    Sot£NID£. 

87.  Pogonias  chromis  (Lin.),  (1084).  8.  894.  Sea  Dram. 
Common. 

88.  ScicBna  chrysura  (Lac),  (1087).   S.  896.   Perch.  Common. 

89.  Sdama  oceUata  (Lin.),  (1091).  S.  898.  Dram.  "  Rather 
common."     Jordan  and  Gilbert. 

90.  Ziostomua  xanthurits  Lac.  (1095).  S.  902.  Spot.  Very 
abundant. 

91.  Micropogm  u-ndulatus  (Lin.),  (1099).  S.  904.  Croaker. 
Very  abundant. 

"%  Menticimia  Uttoralis  (Holbrook),  (1105).    S.  908.    Sea 
let.     The  young  in  large  numbers  on  Ft.  Macon  beach. 
I.  Menticirrua  saxatilis  (Bloch  and  Schneider),  (1108).     S. 
"Whiting.    Reported  by  Dr.  Yarrow  as  abundant  in  the 

t.  Menticirrue  aUmrnus  (Lin.),  (1109).     S.  909.    Whiting. 
lined  a  few  specimens. 
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95.  Cyonoscion  regale  (Bloch  and  Schneider),  (1113).     S.  915. 
Sea  Trout.     Common. 

96.  Oyonoscion  maculatvm  (Mitch.)j  {1120).   S.  917.    Speckled 
Trout.    Abundant. 

40.  Gerridjs. 

97.  Gerres  gula  Cuv.  and  Val.  (1128).    S.  920,  921.    Obtained 
several  young  specimens. 

41.  Labbid^. 

98.  Hiatula  onitis  (Lin,),  (1151).  S.  942.  Tautog,  Oyster 
Fish.    Common. 

99.  Platyglo89us  hivittaius  Bloch  (1159).  S.  947,  948.  One 
specimen  obtained  by  Dr.  Yarrow. 

100.  Platyglo88U8  macvZipinna  (Mtiller  and  Troschel),  (1161). 
One  young  specimen  obtained  by  Jordan  and  Gilbert. 

42.  EPHippiD-fi. 

101.  C%(B^rfip^emyaJ^(Broussonet),(1197).  S.  962.  Porgee. 
Common. 

43.  GoBiiD-E 

102.  G6biu%  encoeomua  Jordan  and  Gilbert  (1226).  S.  983J. 
Scallop  Fish.  Obtained  about  thirty  specimens  with  considerable 
difficulty. 

103.  Gobiosoma  load  (Lac.),  (1243).  S.  993,  994.  Obtained 
a  few  specimens. 

44.  Triqlid-E. 

104.  Prionotua  sdtulu^  Jordan  and  Gilbert  (1384).  S.  1123. 
Slim  Flying  Toad.    Two  specimens  taken  by  Jordan  and  Gilbert. 

105.  Prionotua  tribulua  Cuv.  and  Val.  (1389).  S.  1125. 
Common  Flying  Toad.    Very  common. 

106.  Prionotua  evolana  (Lin.),  (1390).  S.  1126.  Flying  Toad. 
Common. 

107.  Cephalacanthua  voUtana  (Lin,)^  {1393).  S.1128.  Flying 
Fish.     Common. 

45.  Batbaohid-e. 

108.  JSatrachua  tau  (Lin.),  (1419).  S.  1149.  Toad  Fish.  Very 
abundant. 


92  0.  P.  JENKINS. 

46.  Ueanobcopid-e. 

109.  UpsUonphorus  y-gr(Bcum  (Cnv.  and  Val.),  (1428).      S. 
976.     Star-gazer.     Two  specimens  obtained  by  me. 

110.  TJpsilonplwTu%  guttatus  (Abbot),  (1429).    S.  977.    Star- 
gazer.     One  specimen  taken  by  Dr.  Cones. 

47.    BLENNHDiE. 

111.  Chi8modesl>08quianu8(Jj2k(t.\{i^'^9).   S.  1153.   Common. 
Several  specimens  obtained. 

112.  iryp8ohlenniu8ptmctatiis{Wood)f  {1^5),   S.  1156, 1156J. 
Abundant. 

113.  Hypleurochilua  muUifilis    (Girard),   (1448).      S.  1157. 
Abundant. 

114.  Hypleurochilus   geminatus   (Wood),  (1449).      S.  1158. 
Abundant. 

48.    LTOODIDiE. 

115.  Zoarces  anguillaris  (Peck),  (1503).     S.  1200.    Eel-pout. 
Two  specimens  taken  by  Dr.  Yarrow. 

49.  OPHIDID-fi. 

116.  Ophidian  marginatum  De  Kay  (1525).     S.  1219,  1220. 
One  specimen  seen  by  Dr.  Coues.     . 

60.  Gadid^. 

117.  Phycis  regius  (Walbaum),  (1543).     S.  1229.     Codling. 
One  specimen  taken  by  Dr.  Coues. 

51.  Pleuroneotid^. 

118.  Bothus  m^culatus  (Mitch.),  (1576).     S.  :|255.     Plaice. 
Common. 

119.  Ciiharichthya  maorops  Dresel  (1586).      Proc.  U.  S.  Nat. 
Mus.  1885.     Obtained  a  few  specimens. 

120.  CiiharicUhyB  microstomua  Gill  (1589).     S.  1261.     Not 
common. 

121.  Etropus  crossoiiis  Jordan  and  Gilbert  (1590).     S.  1296. 
Obtained  a  few  specimens. 
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122.  Paralichthya  dentatus  (Lin.),  (1596).  S.  1265.  Flounder. 
Abundant. 

123.  ParaZichthya  lethosttgma  Jordan  and  Gilbert  (1597). 
S.  1266.     Flounder.     Abundant. 

124.  Paralichthya  albigutta  Jordan  and  Gilbert  (1598).  S. 
1267.     Flounder.    Common. 

125.  Ancylopaetta  quadrocellata  Gill  (1601).  S.  1270.  Not 
common. 

52.    SoLEIDiE. 

126.  Achirvs  achvrua  mollis  (Lin.),  (1635).  S.  1299.  Sole. 
Obtained  a  number  of  specimens. 

127.  Aphori8iaj>laguisa  {Lin.) j'{16S7).  S.1301.  Sole.  Very 
common. 

53.  LopnnDiE. 

128.  Lophiua  piscatorivs  Lin.  (1639).  8.  1302.  All  mouth. 
A  number  of  jaw-bones  and  a  complete  skeleton  of  the  head  were 
picked  up  at  Cape  Lookout.    Small  specimens  taken  with  hook. 

w.  K.  a 

54.    OsTBACIIDiE. 

129.  Oatradon  trigonum  Lin.  (1656).  S.  1316.  Trunk  Fish. 
Two  specimens  obtained  by  Dr.  Yarrow.  Small  specimens  often 
taken  in  tow-net  outside.     W.  K.  B. 

55.  Balistidjb. 

130.  Monacanthv^  hiapidv^  (Lm.),{iQ6^.  S.  1322.  Common 
Fool  Fish.    Very  common. 

131.  Alutera  achc&pfi  (Walbaum),  (1667).  S.  1326.  Fool  Fish. 
Conmion.    Jordan  and  Gilbert. 

56.  Tbtrodontid^. 

132.  Lagocephahia  Iwvigatus  (Lin.),  (1669).  S.  1328.  Smooth 
Puffer.     Found  by  Dr.  Yarrow. 

133.  Tetrodon  tugidua  Mitch.  (1674).  S.  1332.  Swell  Toad. 
Tery  common. 

57.   DlODONTID^. 

134.  ChUomycterua  geometricua  (Bloch  and  Schneider),  (1680). 
S.  1337.     Swell  Toad.    Very  common. 
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Additions  to  Fobmeb  Lists. 

The  following  twenty-one  species,  which  were  in  my  collection, 
do  not  occur  in  Dr.  Yarrow's  list,  or  in  the  one  published  by 
Jordan  and  Gilbert,  and,  as  far  as  I  have  been  able  to  lear^,  were 
for  the  first  time  recorded  by  me  as  occurring  at  Beaufort  in  a 
note  in  the  J.  H.  U.  Circular  of  October,  1885 : 

1.  Priatis  jpeciinatvs  Latham. 

2.  Gamhuda  jpatruelis  (Baird  and  Girard). 

3.  Conger  conger  (Lin.). 

4.  Tylosurus  Mans  (Cuv.  and  Val.). 

5.  Hippocampus  punctulatus  Guichenot. 

6.  Querimana  gyrans  Jordan  and  Gilbert. 

7.  Menidia  menidia  Lin. 

8.  Elacate  ca/nada  (Lin.). 

9.  Chloroscomhrv^  chrysurvs  (Lin.). 

10.  Caranx  latics  Agassiz. 

11.  Caranx  hartholonuBi  Cuv.  and  Val. 

12.  Nomeus  gronovii  (Gmelin).  * 

13.  Serranus  philadelphicv^  (Lin.y 

14.  Serranns  svhligarius  (Cope). 

15.  Mycteroperca  microlepis  Good  and  Bean. 

16.  Qobius  enco&omus  Jordan  and  Gilbert. 

17.  Gobiosoma  hosci  (Lac). 

18.  Upsilonphorus  y-groecum  (Cuv.  and  Val.). 

19.  Paralichthys  lethostigma  Jordan  and  Gilbert. 

20.  Etropus  croasoius  Jordan  and  Gilbert. 
2L  Etropus  microstomus  Gill. 

22.  Citharichihys  macrops  Dresel. 

23.  Lepidosteu^  osseus  Lin. 

Note.— Since  the  above  has  been  in  type  Dr.  Jordan  has  published  in  Proc 
U.  S.  Museum,  1886,  Notes  on  Fishes  of  Beaufort,  in  which  he  states  that 
Hippocampus  hudsonius  De  Kay,  of  Sycopsis  Fishes  N.  A.,  came  from  Beaufort. 

Greencastlb,  July  31, 1886. 


THE  STRUCTURE  OP  CUNOCTANTHA  OCTO- 
NARIA  IN  THE  ADULT  AND  LARVAL 
STAGES.  By  H.  V.  WILSON,  Johns  Hopkins  University. 
With  Plates  I,  II,  and  III. 

This  medusa,  which  spends  its  larval  existence  in  the  bell- 
cavity  of  Turriiopsis  nutricola^  has  been  described  and  figured 
by  McCrady  ^  and  Brooks.'  The  metamorphosis  the  larva  under- 
goes while  in  the  Turriiopsis  has  been  also  fully  described  from 
surface  views  of  the  living  animal  by  these  authors.  The 
following  paper,  then,  must  necessarily  contain  a  certain  amount 
of  repetition,  but  the  additional  points  I  have  made  out,  by  means 
of  sections,  will  at  any  rate  be  of  some  use  in  completing  our 
knowledge  of  Cunoctantha^  so  far  as  the  structure  of  the  adult 
and  larva  is  concerned.  The  development  of  the  egg  has  not  yet 
been  followed. 

My  material  was  collected  during  the  past  summer  at  Beau- 
fort, N.  C,  where  Turriiopsis  with  parasitic  Cunoctaiiihas  was 
common  from  July  4  to  September  1,  when  I  left.  As  a  hard- 
ening agent  I  have  used  osmic  acid  exclusively. 

Anatomy  of  the  Adult. 

A  diagrammatic  view  of  the  animal  fropi  above  is  given  in 
Fig.  1,  and  a  radial  section  in  Fig.  2.     On  the  left  the  section  is 
through  a  tentacular  radius,  on  the  right  through  an  interradius. 
The  margin  of  the  umbrella  is  indicated  by  the  line  u  in  Fig  1. 
The  velum,  -y,  is  represented  in  the  figure  as  stretched  out  flat. 
The  nerve-cord, n, consists  of  eight  bold  curves  connected  in  pairs 
by  means  of  the  peronium,  P.  In  the  interradius  the  cord  is  at  the 
margin,  but  from  there  it  curves  dorsally,  meeting  its  fellow- 
segment  at  a  point  just  peripheral  to  the  peronium.     There  is 
then  for  a  very  short  distance  a  single  nerve-tract  which  enters 
and  makes  part  of  the  peronium,  as  shown  in  Figs.  1  and  17. 
The  peronium  is  an  ectodermal  protuberance  beneath  the  base 

'  Gjmnophth.  Charleston  Harbor,  1857. 

'LiCe-Bistory  of  the  Hydro-Medusae.    Mem.  Boston  Soc.  Nat.  His.,  1886. 
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of  the  tentacle,  with  the  epithelium  of  which  it  is  contin- 
uous, Figs.  1,  2  and  17.  Seated  on  the  nerre-cord  are  the 
sense-clubs  or  marginal  bodies,  three  to  each  of  the  eight  seg- 
ments. Bunning  dorsallj  from  each  sense-club  there  is  the 
narrow  stripe  of  thickened  ectoderm,  provided  with  nettle-cells, 
called  by  Haeckel  the  otoporpa.  Figs.  1,  2  and  5,  O. 

The  mouth  is  irregular  in  shape.  Badiating  from  the  stomach, 
G,  are  the  eight  gastric  sacs,  O,  /S.,  through  one  of  which  the  left 
half  of  the  section.  Fig.  2,  is  cut,  while  the  right  half  lies  between 
two  sacs.  The  ectoderm  of  the  floor  of  each  sac  is  transformed 
into  the  genital  elements.  Figs.  2  and  17,  Q.  e.  Projecting  into 
the  umbrella-jelly  just  above  each  sac  is  the  inward  prolonga- 
tion of  the  tentacular  endoderm,  known  as  the  root  of  the 
tentacle,  R,  A  membrane  of  flattened  cells,  the  endodermal  or 
vascular  lamella,  continuous  with  the  endoderm  of  the  stomach 
and  sacs,  stretches  from  the  margin  of  the  gastric  system  to  the 
nerve-cord,  n.  The  outline  of  the  umbrella-jelly  is  likewise 
determined  by  the  nerve-cord,  and  in  this  way  the  umbrellar 
surface  becomes  very  noticeably  lobed. 

The  space  marked  t/  in  Fig.  1  shares  in  forming  the  dorsal 
surface,  but  contains  neither  endodermal  lamella  nor  umbrella- 
jelly.  A  section  across  this  area  vertical  to  the  surface  and 
transverse  to  the  radius  is  given  in  Fig.  6.  The  jelly  stands  up 
on  either  side,  and  the  area  itself  is  a  simple  ectoderm  membrane 
possessing  exactly  the  same  structure  as  the  velum.  This  is  seen 
from  a  comparison  of  Fig.  6,  i/,  with  Figs.  3  and  5,  v.  A  radial 
section  through  this  region  (perradial)  is  shown  in  Fig.  17.  The 
area  in  question  is  in  fact  a  direct  continuation  of  the  velum  upon 
the  dorsal  surface,  and  functions  as  an  interlobular  web.  I  have 
called  this  area  the  ascending  velum.  (In  the  other  jNarcomedicsae 
described,  except  in  the  family  Peganthidde^  the  place  of  this 
ascending  velum  is  occupied  by  a  narrow  stripe  of  ectoderm 
several  layers  thick,  containing  nervous  elements  and  nettle- 
cells,  and  called  by  Hertwig  the  radial  string,  by  Haeckel  the 
peronium.)  The  true  outline  of  the  umbrella  in  Cunoctantha  is 
therefore  indicated  by  the  nerve-cord,  ?i,  the  apparent  margin,  u^ 
being  merely  the  bend  between  the  ascending  and  horizontal 
velum.  The  outline  is  evidently  lobed,  though  the  division  into 
lobes  is  imperfectly  concealed  by  the  part  the  velum  plays  in 
forming  the  umbrellar  surface. 
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The  nerve-cordj  sections  of  which  are  given  in  Figs.  3,  5  and  6, 
Ib  the  umbrellar  cord.  The  flnbumbrellar  cord  is  so  slightly 
developed  that  it  is  only  recognizable  in  sections  through  the 
region  of  the  sense-organ,  Fig.  6,  S.  Co.  The  sense-club  is  seated 
on  the  nmbrellar  cord,  which  at  this  point  forms  a  rounded 
elevation,  roughly  a  hemisphere,  the  auditory  cushion  or  hJor- 
jpoUter  of  Hertwig.  The  section,  Fig.  5,  was  thin  enough  to 
include  but  a  single  layer  of  the  cells  composing  the  cushion, 
and  therefore  an  approximate  idea  of  the  number  of  sense-cells 
in  the  cushion  may  be  got  from  the  figure.  The  shape  of  the 
sense-cells  could  not  with  certainty  be  ascertained  from  sections. 
They  appeared,  jiowever,  to  resemble  the  elongated  spindle-cells 
described  by  Hertwig  in  Cwnina  lativentriSy  ^ginopsisj  etc.* 
Between  the  sense-cells  I  observed  several  nettle-cells.  Eunning 
up  from  the  cushion  is  the  otoporpa,  0.  The  cells  composing  it 
form  a  single  layer  and  are  of  a  cubical  shape,  standing  out 
prominently  against  the  surrounding  flat  epithelium  of  the 
umbrella-surface.  Comp.  Figs.  5  and  3.  Scattered  amongst  the 
cubical  cells  are  nettle-cells,  n.  c.  The  connection  of  the  sense- 
club  with  the  body  is  formed  in  the  manner  described  by  Hertwig. 
The  supporting  layers  of  the  umbrella  and  sub-umbrella  unite 
to  form  a  thread,  which  pierces  the  cnshion  and  then  expands  into 
the  supporting  layer  of  the  club.  The  mature  sense-club  in 
this  medusa  has  two  crystals.  The  club  represented  in  Fig.  5  is 
probably  backward  in  its  development.  In  Fig.  3  is  shown  a 
section  of  that  portion  of  the  nerve-cord  which  lies  between  two 
sense-organs.  The  nerve-epithelium  cells  are  columnar.  Neither 
here  nor  in  the  ascending  portions  of  the  cord  was  I  able  to 
observe  nettle-cells,  though  they  may  be  present  in  small  number. 
Haeckel  claims  that  in  the  JVia/rcomedit^ae  there  is  present  a  nettle 
ring  comparable  with  that  of  the  Trachomedueaey  only  smaller : 
"  Er  (Nesselring)  besteht  aus  einem  diinnen  Streifen  modificirter 
Uesselzellen  und  ist  von  flimmerndem  Sinnes-Epithel  iiberzogen  " 
(System  d.  Medusen,  p.  307).  Evidently  there  is  nothing  of  the 
kind  in  Cnnocta/ntha^  and  the  structure  is  equally  absent  from  the 
nerve-rings  of  the  three  Narcomeduscie  described  by  the  Hertwigs 
(Z.  c).  In  Fig.  6  the  ascending  portions  of  the  nerve  cord  are 
cut  as  they  move  towards  the  peronium.      The  histological 

'  Nerrensystem  und  Sinnesorgane  d.  Medusen.    1878. 
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structure  is  like  that  of  the  cord  at  the  margin,  but  the  cord 
itself  is  larger.  In  my  figures  of  the  nervous  system  I  have  not, 
represented  the  nerve-epithelium  cells  as  ciliated,  because  the 
reagents  used  destroyed  every  trace  of  the  cilia. 

The  two  nerve-tracts  shown  in  Fig.  6  run  up,  unite  and  form 
the  peronium,  Figs.  1  and  17.  The  great  mass  of  this  structure, 
which  is  to  be  regarded  as  the  much-enlarged  uppermost  limit 
of  the  nerve-cord,  is  not  nervous.  The  nervous  elements  are 
restricted  to  a  small  space  situated  in  the  angle  between  the 
perohium  and  the  ascending  velum,  Fig.  17,  n,  and  in  the  radius 
bisecting  the  peronium.  The  structure  of  the  organ  is  essentially 
that  of  the  nettle-ring  found  in  Trachomedusae  ;  and  if,  as  Haeckel 
thinks,  the  Narcomeduaae  have  been  derived  from  the  Tracho- 
medusae^ it  is  to  be  regarded  as  the  remnant  of  a  ring  that  oncQ 
accompanied  the  nerve-cord  throughout  its  length.  The  charac- 
teristic element  of  the  peronium  is  the  modified  nettle-cell,  an 
oval  cyst  with  a  double  contour,  often  of  considerable  size.  I 
was  unable  to  make  out  threads  in  any  of  the  cysts,  though  many 
of  the  similar  elements  in  the  nettle-ring  of  Trachomedusae 
contain  threads.  Each  cyst  arises  in  the  interior  of  a  formative 
cell,  which,  as  the  Hertwigs  have  shown,  remains  permanently 
round  the  cyst.  The  modified  nettle-cells  are  very  numerous, 
and  lie  in  a  kind  of  matrix  formed  of  very  small  and  much-com- 
pressed cells.  In  these  cells  no  doubt  fresh  cysts  arise.  The 
small  group  of  polygonal  cells  just  internal  to  the  nerve-cord  in 
Fig.  17  belong  to  the  class  of  matrix-cells,  but  happen  to  be  much 
larger  than  the  rest.  Owing  to  its  excessive  growth,  the  peronium 
has  in  a  manner  absorbed  the  epithelium-cells  on  the  under 
surface  of  the  base  of  the  tentacle.  The  intimate  connection  of 
these  cells  with  the  peronium,  their  elongated,  somewhat  irregular 
shape,  and  general  sickly  appearance,  are  shown  in  Fig.  17. 

Covering  the  peronium  is  a  very  thin  membrane  of  flattened 
epithelium-cells  continuous  with  the  epithelium  of  the  tentacle 
above,  the  velum  beneath,  and  the  umbrella  at  the  sides.  The 
general  shape  and  position  of  the  peronium  are  indicated  in  Fig. 
1.  It  lies  beneath,  but  also  embraces  the  sides  of  the  tentacle, 
or,  in  other  words,  the  tentacle  lies  in  a  shallow  depression  of  the 
peronium.  The  latter  on  both  sides  pushes  its  way  into  the 
jelly,  so  that  only  the  middle  portion,  that  directly  beneath  the 
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tentacle,  is  exposed  to  the  exterior.  The  whole  structure  indi- 
cates that  the  peronium  is  not  an  organ  of  defense,  but  of  sup- 
port, which,  considering  the  position  and  weight  of  the  tentacles, 
must  be  of  great  importance  to  the  animal. 

The  structures  known  as  the  tentacular  roots,  Fig.  17,  -ff,  are 
probably  of  the  same  physiological  use  as  the  peronia.  Haeckel 
describes  the  root  as  covered  by  a  structureless  membrane.  This 
membrane,  however,  exhibits  here  and  there  a  nucleus,  and,  as 
the  development  shows,  represents  a  double  layer  of  ectoderm. 
One  of  these  layers  is  continuous  with  the  epithelium  of  the 
nmbrella,  the  other  with  the  epithelium  of  the  tentacle.  The 
root  is  therefore,  in  a  morphological  sense,  outside  of  the  jelly. 

Hitherto  I  have  not  mentioned  the  canal  system.  Sections  prove 
that  no  canals  exist.  In  Fig.  5  the  vascular  lamella  is  shown  in 
the  radius  of  a  sense-organ.  It  here  ends  in  four  cells  considerably 
larger  than  the  other  cells  of  the  lamella.  It  is  only  in  the  region 
of  the  sense-organs  that  there  is  this  enlarged  periphery,  the 
lamella  having  elsewhere  but  a  single  layer  of  cells  throughout 
its  extent.  This  is  shown  in  Figs.  3  and  6,  where  the  vascular 
lamella  abuts  against  the  nerve-cord,  the  terminal  cell  being  some- 
what larger  than  the  average.  If  the  canals  did  exist  at  one 
time,  and  afterwards  closed  up,  it  is  only  in  the  region  of  the 
sense-organs  that  they  can  be  said  to  have  left  traces  of  their 
former  presence.  As  will  be  seen,  there  is  in  the  individual 
development  no  formation  of  canals  which  subsequently  atrophy. 
On  the  contrary,  the  vascular  lamella  is  quite  uniform  during 
the  larval  stages,  and  it  is  only  when  the  medusa  has  assumed 
the  likeness  of  the  adult,  and  is  of  considerable  size,  that  the 
periphery  of  the  lamella  becomes  enlarged  in  the  particular 
places  mentioned. 

The  Labval  Stages. 

The  youngest  larva  observed  by  Brooks  or  McCrady  is  a  hydra- 
like organism  minus  the  stalk,  with  a  much-elongated  proboscis, 
and  a  pair  of  tentacles  which  point  dorsally  from  the  edge  of  the 
ab-oral  surface.  Fig.  7.  In  a  single  instance  I  observed  a  younger 
stage,  shown  in  Fig.  15.  In  shape  it  was  an  elongated  rod 
slightly  swollen  at  one  end.  It  had  neither  mouth  nor  tentacles, 
but  the  two  layers  were  well  defined. 
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Two  more  tentacles  develop  in  the  bi-tentacnlate  larva  at  right 
angles  to  the  plane  of  the  first  pair.  At  this  stage  or  a  little* 
later  begins  the  formation  of  dorsal  buds,  as  described  by  the 
above  authors.  The  first  step  towards  the  formation  of  the 
medusa  is  the  outgrowth  of  the  ab-oral  portion  of  the  body  into 
four  lobes,  one  between  each  pair  of  tentacles.  Fig.  8.  These  lobes 
contain  prolongations  of  the  gastric  cavity  and  lie  in  a  horizontal 
plane.  The  tentacles  have  retained  their  primitive  position, 
but  owing  to  the  growth  of  the  lobes  have  also  come  to  lie  in  the 
interlobular  notches.  A  radial  section  through  the  tentacle  on  one 
side  and  the  middle  of  a  lobe  on  the  other  is  shown  with  tolerable 
accuracy  in  Fig.  10,  though  this  figure  actually  belongs  to  a 
slightly  older  stage.  The  ectodermal  thickening  just  beneath  the 
tentacle  constitutes  the  only  point  of  difference.  It  is  absent  in 
the  younger  stage.  The  point  to  be  noticed  here  is  that  the  out- 
growing flange,  which  afterwards  makes  most  of  the  medusa- 
bell,  does  not  arise  as  a  continuous  rim  at  the  edge  of  which  are 
situated  the  tentacles,  which  later  travel  dorsalwards :  it  is,  on 
the  contrary,  made  up  of  four  disconnected  lobes,  between  which 
lie  the  tentacles. 

Fig.  4  gives  a  view  of  the  ab-oral  'surface  of  my  next  stage. 
The  four  lobes  have  become  eight,  though  there  are  still  but  four 
tentacles.  The  endoderm  at  the  points  ( i)  where  the  four  sec- 
ondary tentacles  will  arise  is  probably  already  modified,  but  of 
this  my  sections  do  not  assure  me.  At  all  events  the  tentacle  is** 
not  yet  formed.  What  has  evidently  occurred  in  the  transition 
from  the  four-lobed  stage  to  this  is  the  stoppage  of  growth,  both 
of  endoderm  and  ectoderm,  at  the  middle  point  of  the  periphery 
of  each  lobe,  thus  leading  to  the  formation  of  two  from  each  of 
the  four  primary  lobes.  Fig.  10  shows  a  combined  perradial  and 
interradial  section  through  this  stage.  There  is  nothing  that  can 
as  yet  be  called  an  interlobular  web,  but  the  foundation  of  such 
is  laid  in  the  thickening  of  ectoderm  (x)  just  below  the  tentacle. 
This  thickening  is  the  first  indication  of  the  future  velum,  or 
rather  of  that  part  of  it  which  serves  as  an  interlobular  web,  and 
which  in  the  adult  I  have  called  the  ascending  velum.  It  is  not 
until  a  considerably  later  stage  that  the  velar  outgrowth  appears 
in  the  interradii,  where  of  course  it  only  forms  the  horizontal 
velum.    In  the  ectodermal  thickening  mentioned,  the  supporting 
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layer  has  grown  out  between  the  cells,  which  in  turn  have 
become  columnar,  and  bo  inclined  as  to  rest  with  their  bases  upon 
the  supporting  layer.  The  gastric  epithelium  is  no  doubt 
ciliated,  though  the  reagents  have  left  but  a  few  traces  of  the 
cilia.  The  dark  bodies  scattered  through  the  endoderm  of  this 
and  succeeding  stages  I  believe  to  be  algse.  At  least  they  have 
a  more  or  less  regular  shape,  and  here  and  there  show  signs  of 
division.  They  are  present  in  the  adult,  but  in  proportionately 
much  smaller  numbers.  The  osmic  acid  uiifortunately  makes 
them  very  opaque,  and  in  examining  the  living  animals  I  did 
not  notice  them,  I  am  consequently  in  doubt  whether  they  be 
algse  or  merely  patches  of  pigment. 

Fig.  9  represents  a  section  through  two  opposite  lobes  of  a 
stage  in  which  the  secondary  four  tentacles  have  appeared,  but 
are  very  small.  The  cavity  of  one  lobe  is  open,  that  of  the  other  is 
closed.  The  endoderm  of  the  latter  retains  its  two-layered  char- 
acter, but  this  will  soon  disappear,  giving  place  to  the  single 
layer  of  endoderm-cells  known  as  the  vascular  lamella.  At  the 
edge  of  the  closed  lobe  the  future  velum  is  barely  indicated. 
Here,  as  in  the  tentacular  radius  of  the  preceding  stage,  the 
supporting  layer  forms  an  outgrowth,  and  the  ectoderm-cells 
begin  to  incline  their  long  axes  at  right  angles  to  it. 

Fig.  11  is  through  the  tentacular  radius  of  the  same  larva. 
The  velar  outgrowth  begun  in  the  preceding  stage.  Fig.  10,  is 
more  pronounced,  especially  on  the  upper  side  of  the  supporting 
layer.  The  thickening  here  is  the  first  appearance  of  the  pero- 
nium,  the  cells  of  which  are  as  yet  undifferentiated,  there  being 
no  sign  of  the  cysts.  The  size  of  the  peronium  makes  it  possible 
at  this  stage  to  speak  of  an  interlobular  web,  though  this  web 
only  very  partially  fills  out  the  space  between  two  lobes.  The 
gastric  epithelium  of  the  last  stage  was  tolerably  uniform 
throughout  the  larva,  the  epitheliar  surface  being  smooth  and 
provided  vnth  a  thin  cuticle.  Fig.  10.  In  this  stage,  Fig.  9, 
there  is  no  evident  cuticle,  and  the  cells  of  the  ab-oral  swollen 
portion  of  the  larva  differ  from  those  lining  the  cylindrical  pro- 
boscis. The  former  are  very  long,  much  vacuolated,  and  contain 
many  granules.  The  epitheliar  surface  is  no  longer  smooth,  but 
raised  into  irregular  hillocks.  The  epithelium  of  the  proboscis 
retains  its  former  size  and  smooth  bounding  surface,  but  has  a 
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nnmber  of  very  clear  and  large  vacnoles.  The  cells  are  evidently 
losing  their  protoplasm,  and  offer  a  transition  to  the  epithelium 
lining  the  proboscis  of  the  next  older  larva,  Fig.  16.  The  length 
of  the  proboscis  has  been  slowly  diminishing,  and  this  diminution 
continues  until  there  is  nothing  left  save  a  thickened  vein  round 
the  mouth.  In  Fig.  13  one  of  the  secondary  tentacles  is  shown. 
The  section  does  not  lie  in  the  radius  of  the  tentacle,  but  cuts  a 
lobe  on  the  right  hand.  The  cells  of  the  gastric  epithelium  are 
quite  large,  and  bet^^een  them  and  the  endoderm  of  the  tentacle 
there  seems  not  to  be  that  easy  transition  shown  in  the  developing 
sense  organ.  Fig.  19.  This  last  figure  is  a  surface  view  from  a 
larva  slightly  older  than  the  one  from  which  the  sections,  Figs. 
11,  9, 13,  are  taken. 

The  larva  next  to  be  described  has  eight  tentacles,  about  equal 
in  size.  A  radial  section  is  given  in  Fig.  16.  The  lobes  have 
grown  very  much.  In  life  they  stand  out  in  nearly  a  horizontal 
plane,  bat  when  the  animal  is  killed  they  contract  into  the 
pendent  position  shown  in  the  figure.  The  interlobular  web  has 
completely  filled  up  the  notches,  and  has  also  bent  in  to  form 
the  horizontal  v^elum.  The  horizontal  velam  is  continuous  all 
round  the  medusa,  the  ectodermal  outgrowth  having  progressed 
in  the  radius  of  the  sense-organ  as  well  as  in  the  tentacular  radius. 
The  cavities  of  the  lobes  have  completely  disappeared,  their 
endoderm  having  gone  to  form  the  vascular  lamella.  The  gastric 
cavity  hence  is  circular  in  outline  when  viewed  from  the  dorsal 
surface.  The  cells  of  the  vascular  lamella  are  cubical  and  form 
a  single  layer.  The  sense-organ  projects  as  a  prominent  papilla, 
the  endodermal  axis  of  which  is  still  continuous  with  the  lamella. 
In  the  terminal  endoderm-cell  the  crystal  has  begun  to  form. 
The  cells  of  the  peronium  have  manifestly  altered.  The 
external  cells  are  flattened  and  nucleated.  In  many  of  the 
internal  cells  nuclei  are  to  be  seen,  but  in  others  the  nucleus  has 
disappeared  and  a  small  cyst  with  a  double  contour  is  found  in 
the  cell.  Occasionally  both  the  cyst  and  nucleus  are  found  in 
the  same  cell,  but  the  latter  is  usually  lost  when  the  cyst-forma- 
tion begins.  The  auditory  cushion  at  the  base  of  the  sense-organ 
is  quite  evident,  especially  on  the  upper  side  of  the  club.  The 
cells  are  here  very  long  and  slender.  Elsewhere  the  nerve-tract 
is  not  so  prominent,  but  at  the  edge  of  the  lobes  all  round  the 
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medusa  the  ectoderm-cellB  are  somewhat  more  columnar  than  in 
other  places. 

The  gastric  epithelium  has  made  another  step  towards  differ- 
entiation. The  much-elongated,  vacuolated  cells  are  confined 
to'a  more  restricted  area  than  in  the  preceding  stage.  This 
area,  as  the  proboscis  shortens  and  the  floor  of  the  stomach  comes 
to  lie  horizontally,  forms  the  epithelium  of  this  surface.  The 
dorsal  endoderm  of  the  larva  has  lost  its  vacuolated  character 
and  has  acquired  a  smooth  surface.  The  cells  henceforward 
gradually  change  from  a  columnar  into  a  cubical  or  more  flattened 
shape,  and  form  the  dorsal  epithelium  of  the  adult  stomach.  A 
transverse  section  of  the  proboscis  lies  in  the  gastric  cavity.  The 
protoplasm  of  the  ectoderm-cells  is  much  vacuolated,  but  in  the 
endoderm-cells  is  reduced  to  a  small  heap,  in  which  lies  the 
nucleus.  The  ectoderm  over  the  dorsal  surface  of  the  medusa 
b^ns  to  flatten  from  this  stage  onwards. 

The  umbrellar  jelly  has  begun  to  develop,  but  it  will  be  noticed 
that  just  at  the  dorsal  limit  of  the  tentacular  insertion.  Fig.  16, 
the  ectoderm  remains  separated  from  the  endoderm  only  by  the 
thin  supporting  layer.  In  a  somewhat  older  stage.  Fig.  14,  the 
umbrellar  jelly  is  much  thicker,  and  in  its  growth  has  caused  the 
proximal  portion  of  the  tentacle  to  be  included  within  the  body 
of  the  medusa.  This  portion  of  the  tentacle  is  separated  from 
the  jelly  by  a  double  layer  of  ectoderm.  In  Fig.  12  the  included 
portion  of  the  tentacle  has  b^un  to  bulge  out  towards  the  jelly, 
and  thus  to  commence  the  formation  of  the  root.  The  double 
layer  of  ectoderm  no  longer  exists  as  such,  but  appears  as  a 
nucleated  membrane  covering  the  developing  root,  as  in  the  adult 
medusa. 

In  Figs.  14  and  12  the  peronium  has  continued  its  develop- 
ment, the  cysts  increasing  in  size  until  in  sections  nothing  is  to 
be  seen  of  the  cell  in  which  each  was  originally  formed.  Cer- 
tain of  the  undifferentiated  cells  of  the  larval  peronium  remain 
to  form  the  small  matrix-cells  of  the  adult,  while  the  superficial 
flattened  cells  continue  to  grow  flatter  and  form  the  delicate 
epitheliar  membrand  of  the  fully-developed  peronium. 

When  the  young  medusa  leaves  its  host,  it  is  essentially  like 
the  adult  except  in  one  important  particular  (Brooks,  I.  c). 
The  outline  of  the  gastric  cavity  is  a  circle,  running  through  the 
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inBertion-points  of  the  eight  tentacles.  Only  after  a  free  swim- 
ming  life  of  some  duration,  and  a  very  considerable  increase  in  size, 
does  the  endodermal  fusion  take  place  in  the  interradii  by  which 
the  gastric  sacs  are  formed. 

Haeckel's  idea  of  the  NarcomediLsae^  is  that  they  are  descended 
from  the  Trcichomedvsaey  and  that  the  chief  modifying  cause  has 
been  the  migration  of  the  tentacles  from  the  umbrellar  margin 
dorsalwards.  The  tentacles  when  they  left  the  margin  remained 
connected  with  the  nerve  and  nettle-ring,  and,  the  distance  increas- 
ing, this  connection  took  the  form  of  the  narrow  stripe  of  thickened 
ectoderm,  the  peronium  or  radial  string  which  runs  from  the 
base  of  the  tentacle  to  the  marginal  ring.  Moreover,  the  circular 
canal  was  carried  dorsally  by  the  tentacles  in  their  several  radii. 
It  thus  became  divided  into  marginal  segments  and  double 
canals.  The  latter  course  along  tlie  sides  of  the  radial  string 
and  put  the  marginal  segments  in  communication  with  the 
gastric  cavity  above.  In  one  family,  however,  the  Peganthidde^ 
the  tentacles  carried  with  them  the  umbrellar  mai^n  in  such  a 
manner  as  to  divide  it  into  a  number  of  lobes,  between  which  lay 
stretched  the  velum.  The  nerve  and  nettle-ring  and  the  circular 
canal  here  formed  a  number  of  curves  connected  at  the  bases  of  the 
tentacles,  where  the  segments  of  the  canal  open  into  the  gastric 
cavity,  and  those  of  the  nerve  and  nettle-ring  usually  form  a 
swelling,  the  reduced  peronium. 

Now,  the  history  of  Cunoctomtha  shows  that  the  four  primary 
tentacles,  in  the  ontogenetic  development  at  least,  do  not  attain 
their  ultimate  position  by  a  migration  from  the  margin  of  the 
umbrella.  As  is  expressed  in  the  diagram.  Fig.  18,  they  retain 
their  original  position,  which  comes  to  be  at  a  distance  from  the 
margin  for  two  reasons :  First,  the  outgrowth  of  intertentacular 
lobes ;  and,  second,  the  growth  of  the  velum,  which  fills  up  the 
interlobular  notches,  thus  making  whole  the  umbrellar  surface, 
and  then  bends  in  to  form  the  horizontal  velum,  making  in  this 
way  a  new  umbrellar  edge.  The  case  of  the  four  secondary  tenta- 
cles is  slightly  diflFerent.  Though  they  themselves  never  lie  at  the 
edge  of  the  flange,  the  endoderm  from  which  they  ultimately 
come  does ;  and  this  may  be  considered  as  if  it  were  the  tentacle 
itself.     This  endoderm  retains  its  position,  the  secondary  lobes 

1  Das  System  d.  Medusen.    1879. 


STRUCTURE  OF  CUNOGTANTHA.  105 

growing  out  on  both  sides,  as  in  the  diagram.  Thus  for  some 
time  the  physiological  as  well  as  morphological  margin  of  the 
ambrella  is  eight-lobed,  and  the  tentacles  are  at  the  margin,  in 
the  interlobular  notches.  Only  later,  by  the  growth  of  the 
velum,  are  they  separated  from  it. 

Though  the  ontogeny  of  Gunoctantha  does  not,  in  this  matter 
of  the  tentacles,  confirm  Haeckel's  theory  in  a  manner  so  straight- 
forward as  to  admit  of  one  construction  only,  the  differences 
appear  almost  certainly  to  be  of  secondary  origin,  and  due  to  the 
early  development  of  the  tentacles. 

Haeckel  divides  the  Nanrcomedusas  into  four  families,  charac- 
terized by  the  presence  or  absence  of  otoporpae  and  the  shape  of 
the  gastro-canal  system.  The  Cunanthidae  and  Peganthidae  have 
otoporpae.  The  ^ginidae  and  Solmaridae  have  not.  All  but  the 
Sdmaridae  have  the  peculiar  peripheral  canal-system,  and  in 
the  Sdmaridde  traces  of  this  system  are  left.  The  Cunanthidae 
have  pememal  gastric  sacs — i.  e.  one  in  the  radius  of  each  ten- 
tacle. The  jEginidas  have  in tememal  sacs,  two  between  each  two 
tentacles.  The  Solmaridae  may  have  either  pernemal  or  inter- 
nemal  sacs,  or  only  a  simple  circular  stomach.  The  Pegamihidae 
have  a  simple  stomach  without  sacs. 

Now,  it  will  be  seen  that  it  is  quite  impossible  to  assign 
CunocUmtha  to  any  of  these  families.  Haeckel  places  it  in  the 
Cuna^Uhidaey  but  it  has  no  canal-system  at  all,  and  hence  from 
this  point  of  view  must  enter  the  Solmaridae.  The  pememal 
gastric  sacs  belong  alike  to  the  Guna/nthidae  and  some  Solmor 
rid^iej  and  can  have  no  weight.  But  the  presence  of  otoporpae 
throws  it  out  of  the  Solmaridae.  Again,  in  the  most  important 
respect  of  all — in  the  shape  of  the  true  umbrellar  edge — it  belongs 
to  neither  of  the  last-mentioned  families,  but  to  the  Pega/nthidae. 
HaeckePs  classification  is  therefore  in  so  far  unsatisfactory  as  no 
place  is  found  for  Cv/noctantha.  Metschnikoff  finds  a  similar 
difficulty  as  regards  Cimina  proioscidea^  of  which  there  are  two 
forms,  one  probably  produced  from  a  fertilized  egg,  and  the 
second  produced  from  spores  or  by  budding.  The  first  form  has 
otoporpae,  a  canal-system — in  fact,  all  the  characteristics  of  the 
Oimanthida^-  The  second  has  neither  otoporpae  nor  canals,  and 
is  a  true  SohnaHd. 

>  Embryologische  Studlen  an  Medusen.     Wien,  1886. 
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INDEX  TO  LETTERS  USED. 

a,  c.  Auditory  cushion. 
h.  BucL 

ec.  Ectoderm. 

eru  Endoderm. 
6.  h  Endodermal  lamella. 

O.  Stomach. 
0,  8.  Gastric  sac. 
'&.  e.  Genital  epitheliunu 

m.  Mouth. 

n.  Nerve-cord. 
mu.  Muscle-fibres. 
n,  c.  Nettle-cell. 

0.  Otoporpa. 

P.  Peronium. 

R,  Boot  of  tentacle. 
S.  C.  Sense-club. 
S.  Co.  Subumbrellar  cord, 
w.  e.  XJmbrellar  ectoderm. 
8.  e.  Subumbrellar  ectoderm. 

u.  Margin  of  umbrella. 

T.  Tentacle. 

t'.  Points  where  secondary  tentacles  will  appear. 

V.  Horizontal  yelum. 

t/.  Ascending  yelum. 

X.  Commencing  yelum. 

EXPLANATION  OF  THE  FIGURES. 

The  supporting  layer  in  all  the  figures  is  represented  by  a  thin 
black  line. 

The  sections  were  drawn  with  the  camera  and  Zeiss  lenses.  Plate 
I  was  reduced  slightly  more  than  one-half.  Plates  II  and  III  were 
reduced  one-third. 

Fig.  1. — Diagrammatic  surface  view  of  the  adult  medusa.  The 
yelum  is  spread  out  fiat.  The  middle  tentacle  is  removed  to  show 
the  peronium. 

Fig.  2. — Section  of  the  adult  medusa,  through  the  tentacle  on  one 
side  and  the  sense-club  on  the  other. 

Fig.  3. — ^Adult.  Radial  section  through  nerve-cord,  between  two 
sense-organs.    Velum  vertical.    F.  Oc.  4. 

Fig.  4. — Ab-oral  surface  of  larva  with  eight  lobes  and  four  tentacles. 
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The  larva  had  a  dorsal  bud  not  shown  in  fignre.  Living  animal. 
D,0a4. 

Fig.  5. — Adnlt.  Badial  section  through  sense*  club  and  anditory 
cushion.     Velum  hangs  down.    F.  Oc.  4. 

Fig.  6. — Adult.  Section  perpendicular  to  umbrellar  surface  and 
across  radius  of  tentacle.  It  strikes  the  ascending  yelum  and  the 
ascending  portions  of  the  nerve-cord.  Velum  is  not  figured  through- 
out its  whole  width.     F.  Oc  4. 

Fig.  7. — Bitentaculate  larva.  Optical  section  of  living  animal. 
D.  Oc.  4. 

Fig.  8. — ^Larva  with  four  tentacles  and  four  lobes.  From  living 
animal.    D.  Oc.  4. 

Fig.  9.— Badial  section  of  larva  with  eight  lobes  and  eight  ten- 
tacles.   Section  is  through  a  lobe  on  each  side.    D.  Oc.  4. 

Fig.  10. — Badial  section  through  larva  of  same  age  as  Fig.  4, 
through  a  tentacle  on  one  side  and  the  middle  of  a  lobe  on  the  other. 
Two  dorsal  buds  present  Lower  part  of  proboscis  unfigured. 
D.  Oc.  4. 

Fig.  11. — Section  through  tentacular  radius  of  same  larva  as  Fig. 
9.     D.  Oc.  4. 

Fig.  12. — Section  through  tentacular  radius  of  a  young  medusa 
which  has  just  left  its  host.    D.  Oc.  4. 

Fig.  13. — Secondary  tentacle  of  same  larva  as  Fig.  9.  The  section 
is  not  in  the  radius  of  the  tentacle,  but  cuts  the  side  of  a  lobe,  as 
shown  in  the  right-hand  part  of  figure.    F.  Oc.  4. 

Fig.  14. — Section  through  tentacular  radius  of  a  larva  slightly 
older  than  Fig.  16.  The  proximal  portion  of  the  tentacle  is  included 
within  the  medusa-body,  and  is  separated  from  the  jelly  by  a  double 
layer  of  ectoderm.    D.  Oc.  4. 

Fig.  15. — Larva  without  mouth  or  tentacles.    D.  Oc.  4. 

Fig.  16. — Badial  section  of  larva  in  which  umbrellar  jelly  has  just 
appeared.  The  section  cuts  a  sense-organ  on  the  left  and  a  tentacle 
on  the  right  A  transverse  section  of  the  proboscis  lies  in  the  gastric 
cavity.    D.  Oc.  4. 

Fig.  17. — Adult    Badial  section  through  the  tentacle.    D.  Oc.  4. 

Fig.  18.— Diagram  to  illustrate  positions  occupied  by  the  tentacles 
during  the  several  changes  of  the  umbrellar  margin.  T  is  the  pri- 
mary, T"  the  secondary  tentacle.  The  line  I  represents  the  outline 
of  the  ab-oral  surface  of  a  larva  without  lobes ;  the  line  II  that  of 
a  larva  with  four  lobes ;  the  line  III  that  of  a  larva  with  eight  lobes. 

Fig.  19. — Very  young  sense-club.  Surface  view  of  the  tip  of  a  lobe 
of  a  larva  slightly  older  than  Fig.  9.    Osmic  preparation.    F.  Oc.  4. 
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In  spite  of  the  fact  that  for  the  last  twenty-five  years  the  sub- 
ject of  nerve  and  muscle  physiology  has  engaged  the  attention 
of  many  of  the  most  eminent  physiologists,  there  is  scarcely  a 
field  in  which  more  conflicting  results  have  been  obtained,  or 
from  which  a  richer  harvest  awaits  improved  methods  of  investi- 
gation. The  great  need  is  to  get  a  nerve  or  muscle  which  will 
retain  its  normal  vitality  and  properties  for  a  considerable  time 
after  removal  from  its  place  in  the  body. 

Up  to  the  present  time,  by  far  the  greatest  part  of  the  work 
done  in  this  field  has  been  carried  on  in  Germany,  on  the  nerves 
and  muscles  of  frogs,  and  the  readiness  with  which  frogs'  nerve 
and  muscle  undergo  change  has  been  constantly  noted  by  those 
engaged  in  these  researches. 

Terrapin's  muscle  is  a  tissue  which  lends  itself  admirably  to 
invefitigation,  and  which  is  in  great  measure  free  from  the  dis- 
advantages attending  the  use  of  the  corresponding  tissue  of  the 
frog.  This  is  especially  true  in  the  case  of  the  neck  retractors 
of  the  terrapin,  which  run  from  the  skull  and  foremost  cervical 
vertebrae  back  to  the  posterior  dorsal  and  the  lumbar  vertebrae, 
thus  giving  a  stretch  of  pure  muscle  the  fibres  of  which  are 
almost  parallel  for  several  inches.  The  attachment  of  these 
muscles  is,  furthermore,  such  as  to  admit  of  their  being  removed 
without  injury  to  the  muscle.  The  vitality  of  the  terrapin's 
neck  retractors  is  astonishing.  I  have  frequently  kept  them  work- 
ing for  three  or  four  hours  before  they  showed  signs  of  exhaust- 
ion. In  one  case  I  worked  a  muscle  at  different  intervals  for 
seven  hours,  in  the  meantime  having  obtained  over  forty  recorded 
curves  from  it,  and  when  finally  discarded  it  could  still  respond 
to  stimuli,  although  its  sensitiveness  had  diminished  considerably. 
This  makes  a  striking  contrast  when  compared  with  the  results 
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of  other  investigatorB  who  have  used  the  muBcles  (especially  the 
thin  ones)  of  the  frog. 

Aeby^  has  shown  that  the  rate  of  propagation  of  the  contrac- 
tion wave  n^ay  sink  more  than  50  per  cent,  in  a  few  minutes  in 
a  tliin  excised  muscle  like  the  sartorius.  Valentin,*  to  avoid 
this  error,  devised  an  ingenious  method  of  working  with  the 
sartorius  in  situ^  and  even  then  found  that  after  an  hour  the  rate 
had  fallen  from  4.28  meters  to  1.7-.7 ;  and  four  and  a  half 
hours  after  the  beginning  of  the  experiment  the  rate  was  found 
to  be  .43  to  .36  meters. 

As  terrapins  can  readily  be  procured  in  Baltimore,  and  as  the 
Biological  Laboratory  here  is  equipped  with  many  facilities  for 
research  on  the  physiology  of  nerve  and  muscle,  I  determined  to 
test  the  adaptability  of  the  terrapin's  muscles  to  this  kind  of 
work,  and  began  a  series  of  experiments  to  find  whether  curarized 
muscle  obeyed  Pfliiger's  law  for  nerves.  I  had  also  intended  to 
compare  the  rate  of  propagation  of  the  stimulus  wave  in  curarized 
muscle,  as  given  by  the  wave  of  contraction,  with  the  rate  of 
propagation  of  the  negative  variation.  The  values  of  the  rate 
of  progression  of  the  stimulus  wave,  as  determined  by  these  two 
methods,  have  never  been  found  to  agree  to  within  30  per  cent. 
The  result  of  the  many  careful  experiments  of  Bernstein  gives  as 
a  mean :  Neg.  variation  :  rate  of  progression  : :  2.9  :  3.8  or  : : 
1  :  1.31,  a  variation  of  31  per  cent. 

What  Bernstein  calls  rate  of  progression  of  the  contraction 
wave  is  really  the  rate  of  progression  of  the  stimulus  wave,  deter- 
mined by  the  contraction.  Hence  there  is  a  variation  of  31  per 
cent,  in  the  same  value,  as  determined  by  two  different  methods, 
which  is  hardly  satisfactory. 

The  first  part  of  the  investigation  I  was  able  to  accomplish 
successfully,  but  the  second  part  I  was  unable  to  take  ,up,  as  the 
catching  of  terrapins  is  limited  by  law  to  a  certain  season,  and 
that  season  had  expired  before  I  was  able  to  go  on  with  the 
rheotome  work.  I  had  hoped  to  continue  this  investigation,  and 
therefore  delayed  this  publication,  but  as  there  is  no  prospect  of 
my  being  able  to  resume  this  research  in  the  near  future,  I 

'  Untersach.  iiber  die  Fortpflanzungsgesehwindigkeit  der  ReizuDg  der  qaer- 
gestreiften  Muskelfaser,  p.  36.    Braunschweig,  1862. 
» Pfliiger's  Archiv,  Vol.  IV,  p.  117. 
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publish  the  work  as  far  as  completed,  as  some  results  of  interest 
have  already  been  obtained. 

Method  of  Exfebimbnt.    Fbepabation  of  the  Muscle. 

To  prepare  a  mnscle  for  an  experiment  I  proceeded  as  follows: 

An  opening  was  made  in  the  plastron  of  the  terrapin  just  over 

the  heart.     At  this  point  there  are  no  muscular  attachments. 

When  the  piece  of  plastron  is  taken  out,  the  heart,  lying  in  its 

pericardial  sac,  is  directly  exposed.     The  pericardium  is  now  cut 

through,  and  the  tip  of  the  ventricles  not  too  tightly  held  by  a 

pair  of  forceps,  while  the  needle  of  a  fine  hypodermic  syringe  is 

pushed  through  the  ventricular  wall  slightly  to  one  side  of  the 

apex,  and  from  8  to  10  minims  of  a  one  per  cent,  solution  of 

curare  in  .75  per  cent,  solution  of  NaCl  is  injected  directly  into 

the  ventricle.    It  is  necessary  to  inject  the  curare  directly  into 

the  circulation,  for  absorption  is  so  slow  in  the  terrapin  that 

three  times  the  amount  of  curare  mentioned,  when   injected 

subcutaneously,  has  little  or  no  effect  even  after  eight  hours. 

When  properly  done  the  needle  of  the  syringe  may  be  pushed 
through  the  wall  of  the  ventricle  without  the  loss  of  more  than 
a  drop  or  two  of  blood.  To  accomplish  this,  it  is  best,  after  in- 
jecting the  curare,  to  retain  the  apex  of  the  ventricle  between 
the  forceps  while  the  heart  is  making  three  or  four  beats,  and 
then  release  it  at  the  end  of  systole. 

Within  20-30  minutes  the  animal  is  completely  under  the 
influence  of  the  curare.  To  assure  myself  of  this  I  did  not  rely 
on  the  pinching  reflex,  but  isolated  a  nerve  on  the  back  of  the  thigh 
and  stimulated  it  with  a  tolerably  strong  interrupted  current. 
When  the  muscles  of  the  leg  no  longer  responded  to  this  stimulus 
I  knew  that  the  animal  was  completely  under  the  influence  of 
the  drug.  •  Meanwhile  the  animal  was  pithed  and  its  brain 
destroyed.  The  cerebral  cavity  was  stuffed  with  cotton  to  prevent 
hemorrhage.  The  plastron  was  now  removed  and  the  skin  cut 
loose  from  the  carapace,  along  its  whole  line  of  insertion  posterior 
to  the  bridge  joining  the  plastron  to  the  carapace.  The  sym- 
physis pubis  was  next  divided,  and  the  attachment  of  the  pelvis 
to  the  carapace  broken  by  running  a  carpenter's  gouge  along  the 
median  line  of  the  carapace.  The  precoracoidal  symphysis  was 
next  cut,  together  with  the  plate  of  cartilage  uniting  the  scapulae, 
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and  the  two  halves  of  the  shoulder  girdle  were  forced  apart  as  far 
as  possible. 

If  now  the  hind  legs  be  drawn  firmly  and  steadily  forward 
they  will  carry  with  them  the  pelvis  and  peritoneum  with  its 
enclosed  viscera,  and  leave  the  large  neck  retractors  exposed. 

The  neck  retractors  are  not  single  muscles,  but  are  composed 
of  several  groups  which  are  attached  to  the  sides  of  the  bodies  of 
the  vertebrae,  in  the  cervical  region  anteriorly,  and  in  the  lower 
dorsal  and  lumbar  regions  posteriorly.  As  many  of  the  groups 
as  desired  may  be  used.  The  best  way  to  separate  the  muscles 
from  their  posterior  attachments  is  to  split  the  vertebrse  along 
the  median  line  with  an  arthrotome,  and  then,  with  a  carpenter's 
gouge,  to  dig  out  a  piece  of  the  carapace  with  which  are  united 
the  pieces  of  vertebrse  to  which  the  muscle  is  attached.  As  the 
cervical  vertebrae  are  not  fused  with  the  carapace  it  is  only 
necessary  to  split  them  and  separate  them  with  a  scalpel  from 
all  attachments. 

One  prominent  group  of  muscles  belonging  to  the  neck  retrac- 
tors is  attached  to  the  skull  by  a  ligament  which  can  be  traced 
as  far  forward  as  the  palatine  bones,  but  the  tendon  of  this 
group  can  easily  be  detached  from  its  connections.  When  it  is 
advisable  to  use  only  one  group  of  the  retractor  muscles,  this  is 
the  best  adapted  for  the  purpose. 

By  following  carefully  these  methods  there  results  little  or  no 
injury  to  the  fibres.  The  greatest  chance  for  injury  comes  in 
while  splitting  the  vertebrae  and  severing  their  connections  with 
adjacent  parts,  but  after  some  practice  this  can  be  accomplished  in 
a  very  few  minutes ;  one  end  of  the  muscle  being  bathed  in  the 
natural  exudation  from  the  tissues,  and  kept  from  drying  by 
being  covered  with  viscera  and  peritoneum,  while  the  other  end 
is  being  operated  on.  The  danger  of  producing  changes  in  the 
muscle  by  subjecting  it  to  abnormal  conditions  is  thus  reduced 
to  a  minimum.  Care  must  also  be  taken  to  leave  slightly  more 
bone  at  each  end  than  that  to  which  the  muscle  is  attached,  in 
order  that  a  string  may  be  tied  to  it  without  injuring  the  fibres. 

Part  of  the  apparatus  employed  was  a  modification  of  that 
used  by  Bernstein,^  in  his  work  on  the  rate  of  propagation  of  the 

^  Untersuchungen  tlber  den  Erregangsrorgang  im  Nerren  und  Muskelsjsteme. 
Heidelberg,  1871. 
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i^ave  of  contraction  in  muscle ;  the  rest  is  an  arrangement  of 
iny  own. 

The  mnscle  was  placed  in  the  moist  chamber  (Fig.  1,  A)  on  a 
glass  plate  (Fig.  1,  B)^  across  which  platinum  wires  were 
stretched  at  known  distances  apart,  and  so  arranged  that  any 
one  of  them  coald  be  made  the  anode  or  cathode  respectively 
for  any  given  stimulus.  A  piece  of  strong  thread  was  tied  to 
the  fragment  of  bone  at  each  end  of  the  muscle.  One  thread 
was  fastened  firmly,  while  the  other  passed  through  a  hole  in  the 
bottom  of  the  moist  chamber  and  suspended  the  weight  by  which 
the  muscle  was  stretched.  On  the  muscle,  near  one  end  of  the 
plate,  was  laid  a  narrow  strip  of  glass  (Fig.  1,  «),  drawn  out  to  a 
thinness  just  sufBcient  to  make  it  raise  the  weight  of  the  recordifig 
lever  without  bending  and  so  causing  its  own  elasticity  to  influ- 
ence the  curve.      This  strip  was  kept  in  position  by  four  pins 

(Fig.  l,i>,i>S  j/Si/^')'  'r^  ®*^  ®^^  ^^  *^®  ^*^P  ^^  fastened  a 
piece  of  silk ;  the  two  pieces  were  passed  through  a  large  hole  in 
the  bottom  of  the  moist  chamber  and  brought  together  below, 
thus  making  an  inverted  stirrup,  of  which  the  glass  strip  was 
the  base.  From  where  the  strings  were  joined  below  a  single 
piece  of  silk  ran  down  to  support  a  small  ebonite  pulley  (Fig.  1, 
P)^  over  which  passed  a  piece  of  silk,  connected  at  one  end  with 
the  recording  lever,  while  at  the  other  it  wound  on  the  axis  of  a 
screw  («')  by  which  it  could  be  wound  up  or  let  out  and  the 
recording  lever  raised  or  lowered  accordingly. 

This  arrangement  of  the  pulley  is  the  same  as  that  used  by 
Bernstein.  It  is  very  convenient,  as  it  doubles  the  lift  of  the 
lever  and  admits  of  easy  adjustment. 

One  objection  that  has  been  urged  against  the  apparatus  of 
different  observers  is,  that  a  considerable  mass  would  have  to 
be  set  in  motion  before  the  curve  began  to  be  recorded,  and  the 
momentum  of  this  mass  would  tend  to  prolong  and  alter  the 
true  curve. 

To  obviate  this  is  of  great  importance,  and  the  apparatus 
employed  was  arranged  with  special  regard  to  this  point. 

To  a  Foster's  adjustable  lever  attachment  (Fig.  1,  F)  was 
fastened  a  common  straw,  making  the  whole  length  of  the  lever 
about  25  centimeters.  To  the  end  of  the  straw  was  fitted  a  cap 
of  writing  paper,  to  which  a  piece  of  extremely  thin  aluminium 
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foil  was  soldered  by  a  thin  film  of  sealing  wax.  This  piece  of 
foil  was  trimmed  to  a  point  which  recorded  the  curve. 

I  cannot  speak  too  highly  of  aluminium  foil  for  this  purpose. 
When  of  the  right  thickness  it  has  just  the  proper  spring  to 
keep  the  point  sufficiently  pressed  against  the  plate  of  the  myo- 
graph, and  at  the  same  time  it  yields  to  greater  pressure  and 
thus  obviates  all  risk  of  putting  the  lever  out  of  adjustment. 

Later  in  my  experiments  I  made  the  following  improvement 
in  the  writing  point  (Fig.  1,  T).  Instead  of  trimming  the  foil 
down  to  a  point  for  recording  on  the  plate,  I  took  part  of  a  fine 
sewing  needle,  and,  after  running  it  twice  through  the  foil,  I 
fastened  it  firmly  in  position  by  a  thin  film  of  sealing  wax.  By 
this  arrangement  the  elasticity  of  the  aluminium  was  retained, 
while  the  point  of  the  needle  msured  a  more  delicate  line  than 
could  always  be  gotten  with  the  foil  point. 

An  improved  Fick  myograph  (see  Joum.  of  Physiol.,  Vol. 
II,  p.  164)  was  used  for  recording  the  curves.  The  time  was 
given  by  a  tuning  fork  making  200  vibrations  to  the  second. 
Some  of  the  curves  were  taken  on  smoked  gelatinized  paper, 
and  the  tracings  set  with  a  solution  of  shellac  in  alcohol.  The 
other  curves  were  taken  directly  on  the  smoked  glass  plate, 
set  with  turpentine,  and  photographed  as  blue  prints. 

It  will  be  observed  that  the  arrangement  which  I  have  em- 
ployed necessitates  the  passage  of  the  current  in  the  longitudinal 
direction  through  the  muscle.  This  was  done  intentionally,  for 
the  results  of  previous  work  by  diflferent  observers,  though  con- 
flicting, in  general  go  to  show  that  a  greater  contraction  can  be 
obtained  from  the  same  strength  of  current  when  passing  longi- 
tudinally through  the  muscle  than  when  taking  any  other  path. 
Furthermore,  under  these  conditions  diffusion  of  the  current  is 
at  a  minimum. 

Unless  otherwise  specified,  the  closing  current  is  to  be  under- 
stood as  having  been  used.  Direct  currents  were  used  in  prefer- 
ence to  induced,  for  Briicke^  has  shown  that  curarized  muscles, 
like  muscles  in  certain  pathological  conditions,  are  more  sensi- 
tive to  the  stimulus  of  direct  than  of  induced  currents. 

The  first  question  that  I  undertook  to  decide  was,  whether 
curarized  muscle  obeys  Pfluger's  law  for  the  stimulation  of  nerves; 

^  Sitzungsberichte  d.  Wiener  Akademie,  1867  and  1868. 
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that  is,  does  the  stimulus  start  from  only  ooe  electrode,  viz.,  the 
cathode  od  closing,  and  the  anode  on  opening  the  current. 

Of  previous  investigators  who  have  taken  up  this  question, 
von  Bezold^  and  Engelmann'  answer  the  question  in  the 
a£Brmative,  while  Aeby'  and  Bernstein*  take  the  opposite 
view.  Aeby  *  admits  that  the  stimulus  at  the  cathode  is  stronger, 
but  denies  that  it  arises  there  sooner  than  at  the  anode.  Bern- 
Btein^  asserts  most  positively  that  the  muscle  is  stimulated  at 
both  anode  and  cathode,  and  that  the  stimuli  are  equal  and 
Bimultaneous.  In  my  experiments  the  muscle  was  essentially  in 
the  same  position  as  in  the  experiments  of  Bernstein,  and  my 
results  are  of  interest  when  taken  in  connection  with  his. 

I  find  that  when  the  mu8cle  is  moderately  weighted  it  will 
obey  JPfluffer's  law,  but  when  the  weight  is  so  small  that  its 
resistance  to  the  contraction  of  the  m,uscle  is  insignificant^  it 
apparently  does  not  obey  this  laWy  but  acts  as  described  by  Bern- 
stein? 

In  one  experiment  where  the  muscle  was  not  weighted  at  all, 
one  electrode  was  1.5  mm.  from  the  section  of  muscle  on  which 
the  glass  strip  was  laid,  while  the  other  was  70  mm.  distant. 
Ho  difference  could  be  detected  in  the  length  of  the  respective 
latent  periods  of  the  contraction  waves  when  the  polarity  of  the 
electrodes  was  reversed,  although,  according  to  Pfluger's  law  for 
nerves,  the  stimulus  would  have  to  travel  nearly  fifty  times 
farther  when  the  cathode  was  at  the  distant  electrode  than  when 
it  was  at  the  one  near  the  recording  section. 

This  is  shown  in  curve  1.  When  this  curve  was  taken  the 
muscle  was  slightly  weighted,  but  not  enough  to  offer  any  appre- 

'  Unterauchungen  fiber  die  Elektrische  Erregung  der  Nerven  und  Muskeln. 

Leipzig,  1861. 

"  Pfluger's  Archiv,  Vol.  III. 

'  UntersYich.,  &c.,  op.  cit. 
*0p.  cit. 

*0p.  cit.,  p.  58. 

•Op.  cit.,  pp.  81,82. 

^  This  apparent  difference  is  probably  due  to  the  fact  that,  when  the  muscle  is 
unweighted,  the  stimulus  produces  a  regular  contraction  which  starts  from  the 
cathode  but  which  causes  the  whole  muscle  to  jerk.  When  the  muscle  is 
stretched  by  a  considerable  weight  this  is  presented,  and  we  have  recorded  only 
the  true  wave  of  contraction  as  it  proceeds  along  the  fibre.  Bernstein  worked 
with  the  adductor  of  the  frog's  thigh  and  used  no  stretching  weight. 
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eiable  resistance  to  the  contraction.  One  curve  appears  to 
have  a  longer  latent  period  than  the  others ;  this  is  due  to  the 
fact  that  it'  is  recorded  slightly  above  the  base  line.  If,  by  the 
eye,  it  be  lowered  to  the  base  line,  it  will  be  seen  that  its  latent 
period  is  about  the  same  as  that  of  the  other  two.  The  letters 
R  and  L  denote  the  position  of  the  reversing  key  to  right  or 
left,  and  consequently  show  opposite  polarities  of  the  electrodes. 
The  two  i?'s  are  simply  for  control. 

Curve  2  shows  the  effect  of  loading  with  a  weight  sufficient  to 
keep  the  muscle  well  stretched.  On  the  same  base  line  two 
curves  are  taken,  the  polarity  of  the  electrodes  in  one  curve 
being  the  reverse  of  that  in  the  other.  The  curve  with  the 
shortest  latent  period  is  always  obtained  when  the  cathode  is 
nearest  the  recorditig  section  of  the  muscle.  The  difference 
between  the  latent  periods  of  the  two  curves  depends  upon  the 
distance  between  tlie  electrodes,  but  it  is  extremely  interesting 
to  notice  that  the  two  do  not  vary  in. the  same  ratio,  but  in  such 
a  way  as  would  make  it  appear  that  the  rate  of  propagation 
diminished  as  the  stimulus  proceeded  along  the  fibre.  This 
point  is  suggestive  and  needs  further  investigation,  and  I  hoped 
to  publish  something  more  definite  upon  it  had  I  been  able  to 
complete  the  research. 

While  working  up  this  subject  I  also  repeated  the  experiment 
of  von  Bezold,  which  was  repeated  later  by  Engelmann,  both 
of  whom  obtained  the  same  result.  Bezold's  method  was  to 
clamp  the  muscle  firmly  enough  to  prevent  a  contraction  wave 
from  passing  the  clamp,  but  not  so  tightly  as  to  destroy  the  con- 
ductivity of  the  fibres.  The  electrodes  were  so  placed  that  the 
clamp  came  between  them. 

In  Fig.  2  may  be  seen  my  arrangement  of  the  apparatus  for 
this  experiment.  If  the  muscle  obeys  Pfliiger's  law  we  should 
get  a  longer  latent  period  to  the  curve  when  the  cathode  is  at  e 
than  when  at  e\  for  the  contraction  of  the  segment  of  muscle 
above  the  clamp  (7 only  serves  to  raise  the  weight  JT,  and  does  not 
affect  the  recording  lever ;  hence  there  would  be  no  contraction 
recorded  until  the  stimulus  had  traversed  the  length  of  muscle 
from  e  to  C,  If  the  stimulus  starts  from  the  anode  as  well  as 
from  the  cathode,  the  latent  period  in  each  case  should  be  the 
same ;  for  the  moment  the  segment  below  begins  to  contract,  the 
lever  will  begin  to  write  the  curve. 
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The  results  of  this  experiment  may  be  seen  in  curve  5.  The 
sign  of  the  cnrves  on  the  plate  is  the  same  as  the  polarity  of  the 
electrode  below  the  clamp  when  that  particular  carve  was  taken. 
Curve  5  consists  of  five  curves.  The  numbers  at  the  respective 
curves  show  the  order  in  which  they  were  taken.  When  the  first 
curve  (+ 1)  was  taken  there  was  defective  contact  at  one  part  of 
the  circuit,  and  hence  the  curve  is  worthless.  The  trouble  was 
removed  before  the  other  curves  were  taken.  The  two  +  curves 
and  the  two  —  curves  corroborate  each  other.  The  difference 
between  the  curves  is  striking.  The  curves  marked  minus  ( — ) 
may  be  taken  as  the  normal  curve  of  the  muscle  when  stimulated 
directly  on  the  part  which  records  the  contraction.  In  the  curves 
marked  plus  (+)  we  see  that  not  only  is  the  latent  period  pro- 
longed by  the  length  of  time  it  takes  for  the  stimulus  to  pass 
from  e  to  below  (7,  but  the  whole  character  of  the  curve  i%  altered. 
Eemstein  has  pointed  out  that  the  wave  of  contraction  is 
diminished  in  intensity  as  it  proceeds  along  the  fibre,  and  this 
observation  is  confirmed  by  the  diminished  height  of  the  curves 
marked  -|-  in  curve  6,  as  compared  with  those  marked  minus. 

The  curves  show  also  another  interesting  point  which,  so  far 

a8  I  know,  has  not  been  mentioned  before,  viz.,  that  the  curve 

length  or  duration  of  the  contraction  is  apparently  increased  as 

the  wave  travels  along  the  fibre.     This  point  receives  additional 

confirmation  when  we  examine  the  curves  on  curve  3.     Here  the 

difference  in  wa/ve  length  is  not  so  marked  as  in  curve  5,  for  the 

electrode  e  was  just  above  the  clamp,  while  in  the  former  case  it 

was  considerably  above.    Bearing  this  in  mind,  it  is  interesting 

to  notice  that  there  is  a  considerable  difference  in  the  height  of 

the  curves.     This  would  tend  to  show  that  the  resistance  of  the 

muscle  within  the  clamp  is  greater  than  in  the  remaining  portion. 

It  is  therefore  questionable  whether  it  is  advisable  to  employ  this 

method  in  measurements  involving  time,  such  as  determining  the 

rate  of  propagation  of  the  contraction  wave,  etc. 

Another  point  which  I  have  observed  in  confirmation  of  pre- 
vious observei*8,  supporting  the  assumption  that  curarized  muscle 
as  well  as  nerve  obeys  Pfliiger's  law,  is,  that  if  a  very  much 
exhausted  muscle  be  stimulated  by  a  minimal  current,  a  single 
twitch  may  be  seen  at  the  cathode,  while  no  change  is  noticed  at 
the  anode.     This  may  be  explained  by  the  view  of  Aeby,  viz., 
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that  a  stiranlns  also  takes  place  at  the  anode  but  is  too  weak  to 
cause  a  contraction. 

In  determining  the  rate  of  propagation  of  the  stimulus  from 
the  contraction,  the  apparatus  described  in  my  first  experiment 
was  used.  All  the  wires  (seven)  on  the  glass  plate  (Fig.  1,  B) 
were  connected  with  the  binding  screws  (5* -J")  of  the  moist 
chamber,  so  that  the  muscle  could  be  stimulated  at  seven  different 
places  without  disturbing  it  after  it  had  once  been  placed  in 
position.  In  applying  the  stimulus  the  cathode  was  always 
kept  nearest  the  recording  section  of  the  muscle,  so  that  no  com- 
plications from  an  electrotonus  could  arise.  The  muscle  was 
stimulated  at  different  known  distances  from  the  recording 
section,  the  distance  in  some  cases  being  equal  to  zero. 

In  the  latter  case  the  interval  between  the  stimulation  and  the 
contraction  represents  simply  the  latent  period  of  the  muscle, 
while  the  corresponding  interval  in  the  other  cases  will  depend 
upon  the  distance  o.f  the  cathode  from  the  recording  section. 
From  a  comparison  of  the  intervals  of  the  different  curves  the 
rate  of  propagation  of  the  stimulus  can  be  determined. 

From  the  work  as  far  as  completed  I  can  only  say  that  the 
rate  may  be  given  roughly  as  from  2-3  meters  per  second.  There 
are  great  variations  between  the  muscles  of  different  terrapins,  a 
fact  pointed  out  by  all  previous  investigators.  The  terrapin's 
muscle  is  more  sluggish  than  the  muscles  of  the  frog,  hence  the 
above  value  is  not  far  from  what  we  should  expect  when  com- 
pared with  the  rate  as  found  by  Bernstein  and  Valentin  for 
frog's  muscle,  viz.,  3-4  meters  per  second. 

The  other  results  of  interest  obtained  from  my  work  may  be 
briefly  stated  as  follows : 

The  height  of  the  (nirve  defends  on  the  strength  of  the  stimulvs^ 
hut  the  latent  period  does  not.  The  strength  of  the  current  was 
varied  by  a  resistance  box,  and  a  galvanometer  was  interpolated 
in  the  circuit  as  an  index  to  the  strength  of  the  current  employed. 

When  the  order  of  polarities  at  a  given  electrode  is  +, — ,  +, — , 
etc.  ^  for  successive  stimuli^  the  corresponding  curves  are  higher 
than  when  the  order  is  4-j  +5  +5  ©tc,  or  — ,  — ,  — ,  etc.  This 
confirms  a  statement  made  by  Hermann,^  that  the  passage  of  a 
constant  current  through  a  muscle  increases  its  irritability  for 

1  Hermann's  Handbuoh  der  Physiologie,  Vol.  1,  p.  95. 
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the  clofiing  of  currents  in  the  opposite  direction,  or  for  the  opening 
of  currents  in  the  same  direction.  Compare  the  curves  + 1  and 
-f  2  on  curve  3.  The  curve  +  2  is  lower  than  + 1  because  it 
was  taken  immediately  after  it  and  the  current  passed  through 
the  muscle  in  the  same  direction, 

I  have  also  noticed,  as  have  previous  observers,  that  when  the 
current  is  sent  into  a  muscle,  it  frequently  relaxes  before  con- 
tracting. This  is  shown  in  curve  4,  by  a  sinking  of  the  curve 
below  the  base  line.  This  phenomenon  seems  to  have  some  con- 
nection with  the  stretching  weight  of  the  muscle,  as  it  is  not 
perceptible  unless  the  muscle  is  well  weighted ;  it  is  the  more 
marked  the  heavier  the  weight. 

From  this  it  would  appear  as  though  the  muscle  was  normally 
in  a  state  of  slight  tonus  which  was  for  the  moment  destroyed 
whett  the  stimulus  was  sent  in,  thus  allowing  the  muscle  to  be 
more  stretched  by  the  weight. 

These  are  the  prominent  results  of  my  research,  which  I  must 
now  give  in  an  uncompleted  form,  hoping  that  they  may  be  of 
value  to  some  subsequent  observer  who  may  undertake  investiga- 
tions in  this  jSeld.  « 

In  conclusion,  I  would  express  my  thanks  to  Professor  Martin 
for  every  courtesy  shown  me  while  in  his  laboratory,  as  also  for 
many  suggestions  which  were  of  material  aid  to  me  in  the  prose- 
cution of  this  work. 


DESCRIPTION  OP  THE  FIGURES. 

Fig.  1. — Arrangement  of  apparatus  in  experiment  for  determining 
the  rate  of  propagation  of  stimulus  wave  as  given  by  the  contraction, 
and  also  for  ascertaining  whether  curarized  muscle  obeys  Pfliiger's 
law  for  the  stimulation  of  nerves. 

A.  Moist  chamber,  with  a  large  hole  in  the  bottom,  shown  just 
below  the  letter  M  in  the  figure. 

U.  Upright  which  supports  the  moist  chamber. 

JD,  Heavy  iron  base  into  which  the  upright  Z7i8  screwed. 

b^-V.  Binding  screws  to  the  moist  chamber.  These  were  connected 
with  the  electrodes  of  the  plate  B,  and  with  the  battery  as  shown  in 
Plate  3. 

B  and  J?'.  Olass  plate  on  which  the  muscle  was  laid.  It  consists 
of  a  piece  of  window-glass  125  cm.  in  length  by  3  cm.  in  width. 
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Along  its  long  edge  on  each  side  was  cemented  a  narrow  strip  of 
glass,  best  shown  in  £",  which  represents  a  section  of  R  taken  at  the 
electrode  e*. 

The  electrodes  were  platinum  wires,  soldered  with  sealing  wax  to 
the  strip  a  and  stretching  across  to  the  corresponding  strip  on  the 

opposite  side.    They  are  seen  at  e*,  6* e'  in  J?',  and  in  -B"  are 

represented  by  the  dotted  line,  which  shows  their  position  when  bent 
over  the  muscle  so  as  to  make  good  contact  both  above  and  below. 

Between  the  electrodes  and  the  glass  plate  beneath  is  slipped  a 
strip  of  glass,  cat  to  the  proper  width  and  not  qaite  as  thick  as  the 
strips  a  and  a'  in  B". 

This  arrangement  possesses  a  doable  advantage.  In  the  first  place 
the  strip  can  easily  be  removed  and  thoroaghly  cleaned  after  each 
experiment;  and  secondly,  we  may  be  assured  of  better  contact, 
when  the  strip  does  not  come  quite  up  to  the  electrodes,  than  if  the 
latter  were  stretched  directly  across  the  flat  surface  of  a  glass  plate. 

p^-p\  Four  pins,  soldered  to  the  strips  a  and  of  with  sealing  wax. 
Their  purpose  is  to  guide  the  glass  strip  /$  as  it  is  raised  by  the  con- 
traction of  the  muscle,  and  to  keep  it  from  slipping  from  its  position. 

S,  A  narrow  strip  of  thin  glass  which  rests  on  the  muscle. 

s-if.  Pieces  of  silk  thread,  soldered  to  the  ends  of  the  glass  strip 
8  with  sealing  wax.  These  run  down  to  A,  the  point  where  they 
unite,  and  are  fastened  to  the  silk  thread  which  suspends  the 
pulley  P. 

P.  A  pulley  over  which  passes  a  silk  thread  fastened  at  one  end 
to  Z,  the  recording  lever,  while  the  other  winds  around  the  screw 
8\  by  means  of  which  the  lever  can  be  quickly  and  accurately 
adjusted  to  any  position  in  the  vertical  plane. 

G.  A  glass  rod  drawn  out  and  bent  as  shown'  in  the  figure.  It  is 
BO  placed  as  to  keep  the  thread  from  touching  any  part  of  the  lever 
or  its  adjustable  attachment  F. 

T.  Tip  to  the  recording  lever  L.  It  consists  of  a  piece  of  alumi- 
nium foil,  with  a  needlQ  stuck  through  it  and  fastened  rigidly  with 
sealing  wax. 

M-M\  The  muscle  in  position  on  the  plate.  The  thread  from 
the  end  M  of  the  muscle  is  passed  through  the  hole  A',  and  made 
fast  to  a  hook  not  shown  in  the  figure.  The  cord  from  the  end  M 
passes  through  the  hole  h  and  suspends  the  stretching  weight,  X,  of 
the  muscle. 

Fig.  2. — Description  of  apparatus  used  in  repeating  Bezold's 
experiment. 
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A.  Moist  chamber  as  in  Fig.  1. 

My  M'.  Muscle.  (In  this  experiment  only  one  group  of  the  muscles 
making  up  the  retractor  was  used.) 

H^  H.  Horizontal  arms  supporting  a  glass  tube  over  which,  as  over 
a  pulley,  was  passed,  from  the  muscle,  the  string  J  which  suspended 
the  weight  X. 

H\  Horizontal  arm  supporting  the  clamp  C 

C.  Clamp,  made  from  an  adjustable  burette  clamp,  and  lined 
with  sheet  rubber  in  order  that  the  current  might  not  be  conducted 
by  the  metal. 

J.  String  from  end  of  muscle  to  weight  X 

X.  Weight  which  could  be  raised  freely  by  the  contraction  of  if'. 

J\  Piece  of  silk  running  from  tendon  of  muscle  directly  to  the 
recording  lever  L.  The  lift  in  this  case  was  so  great  that  the  pulley 
was  dispensed  with. 

L.  Kecording  lever,  made  from  a  thin  strip  of  light  wood,  about 
half  the  length  of  the  lever  in  Fig.  1. 

jP.  Foster's  adjustable  lever  attachment  as  in  Fig.  1. 

W.  Beversing  key,  or  wippe,  by  which  the  polarity  of  the  electrodes 
could  be  changed. 

Cu,  Copper ;  Zn,  Zinc  of  battery. 

By  e'.  Electrodes  on  muscle.  These  were  made  of  platinum  wire, 
and  made  to  encircle  the  muscle. 

Fio.  3. — The  electrical  connections  used  with  the  apparatus  in 
Fig.  1. 

S^.  Universal  connecting  key,  by  which  any  one  of  the  binding 
screws  of  the  chamber  A  may  be  made, the  positive  or  negative  pole 
at  will. 

It  consists  of  an  ebonite  plate,  to  which  are  screwed  seven  isolated 
plates  of  brass,  each  having  a  semicircular  excavation  at  both  ends, 
parallel  to  the  line  of  the  ends  of  these  plates.  On  each  side  of  the 
block  are  screwed  the  brass  strips  iVand  N\  with  excavations  in 
them  opposite  those  of  the  plates.  These  strips  are  not  in  contact 
with  the  plates,  but  the  plates  and  strips  may  be  connected  by  a  brass 
plug  which  fits  into  the  circular  hole  made  by  the  excavation  in  each. 
Each  of  the  plates  is  connected  with  one  of  the  electrodes  of  the 
moist  chamber.  This  connection  was  made  bv  wires  insulated  with 
silk  of  different  colors,  so  as  to  avoid  confusion.  The  brass  strip  N 
was  connected  with  R  dii-ectly;  the  strip  N*  was  connected  with  R 
by  the  path  N\  K\  K\  R. 
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R,  R.  Two  binding  posts  connected  by  a  tongne  of  brass  which  is 
knocked  away  by  the  myograph  in  its  swing.  The  posts  R  and  R 
are  connected  with  the  poles  of  the  battery,  so  that  when  the  tongue 
is  up,  and  R  and  R  connected  as  represented  by  the  dotted  line,  we 
have  the  primary  circuit :  Cuy  J5P,  TT,  R^  R,  W^  Zn.  Into  this  circuit 
is  inserted  a  Du  Bois  Reymond  key,  K*y  for  convenience  in  breaking 
the  circuit,  and  also  a  reversing  key,  Wy  by  which  the  direction  of  the 
current  may  be  changed. 

If  R  and  R  had  no  connections  except  with  the  battery,  it  is  clear 
that  when  the  circuit  is  broken  between  them  they  become  the 
positive  and  negative  poles  respectively.  Since  R  and  R  are  connected 
with  the  strips  N*  and  irrespectively,  it  follows  that  these  must  be- 
come the  positive  and  negative  poles  when  the  connection  is  broken 
between  /2  and  R.  In  the  same  way,  by  connecting  the  strip  N  or 
N'  with  one  of  the  brass  plates  between  them,  we  confer  its  polarity 
to  that  plate,  and  thence  to  the  binding  screw  of  the  moist  chamber 
with  which  the  plate  is  connected,  and  thence,  in  turn,  to  the 
electrode  on  the  muscle.  As  any  one  of  the  brass  plates  may  be 
connected  with  either  of  the  strips  Nor  N'  at  will,  it  follows  that 
we  may  make  any  one  of  the  electrodes  the  cathode  or  the  anode  at 
pleasure. 

When  everything  is  ready  to  record  a  curve,  the  tongue  between 
R  and  R  is  in  position,  closing  the  circuit  Gu^  K*,  FT,  R,  jB,  fT,  Zn» 
As  the  myograph  swings  the  tongiie  is  knocked  away,  the  connection 
between  R  and  R  is  broken,  and  the  current  takes  the  longer  circuit 
Ouy  -ff*,  W,  Rf  Ify  through  the  plug  to  one  of  the  brass  strips,  thence 
to  the  moist  chamber,  returning  through  another  wire  to  its  corre- 
sponding plate,  thence  through  a  plug  to  iV',  K\  E^,  iZ,  JT,  Zn. 

K\  A  Du  Bois  Reymond  key  for  opening  or  closing  the  secondary 
circuit. 

JT".  Key  for  throwing  the  galvanometer  Q  in  or  out  of  the  circuit. 
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EXPERIMENTS  ON  TETANUS  AND  THE  VE- 
LOCITY OF  THE  CONTRACTION  WAVE  IN 
STRIATED  MUSCLE.  By  JOHN  P.  CAMPBELL, 
A.  B.,  late  Fellow  of  the  Johns  Hopkins  University.  With 
Plates  X,  XI,  and  XII. 

The  neck  retractor  muscles  of  the  terrapin  are  peculiarly  well 
adapted  for  the  stndy  of  the  phenomena  of  mnscle  contraction. 
With  the  exception  of  the  one  disadvantage  that  a  mnscle-nerve 
preparation  cannot  be  made,  they  possess  every  other  valuable 
feature  found  in  frog  muscles,  and  have  at  the  same  time  larger 
size  and  greater  vitality. 

The  retractors  of  the  neck  consist  of  a  group  of  four  distinct 
muscles,  two  on  either  side  of  the  middle  line.  Posteriorly  they 
are  attached  very  close  together  to  the  pelvic  arch,  and  their 
attachment  may  run  up  the  sides  of  the  spinal  column  for  a 
variable  distance.  Anteriorly  the  shorter  muscles  are  inserted 
into  the  transverse  processes  of  the  cervical  vertebrsB,  while  the 
longer  muscles  pass  on  and  are  inserted  into  the  ventral  surface 
of  the  palatine  bones  by  short  tendons  which  sometimes  fuse 
with  one  another. 

The  long  muscles  are  especially  noteworthy.  Their  length 
when  extended  is  approximately  equal  to  the  length  of  the 
carapace  of  the  animal,  and  in  general  appearance  they  resemble 
the  sartorius  of  the  frog.  The  fibres  run  perfectly  straight.  At 
the  posterior  end  they  are  inserted  directly  into  the  sides  of  the 
sacral  vertebrce,  while  the  tendon  at  the  anterior  end  is  exceed- 
ingly short  and  does  not  extend  up  into  the  substance  of  the 
muscle  at  all.  Furthermore,  the  cross  area  of  the  muscle  is  very 
uniform  throughout  its  whole  length. 

In  spite  of  this  combination  of  valuable  qualities  these  muscles 
have  been  little  investigated,  owing  no  doubt  to  the  fact  that 
Chelonia  do  not  occur  in  many  parts  of  Europe.  During  the 
winter  months  it  is  easy  to  obtain  in  Baltimore  specimens  of  the 
*'  diamond  back  "  terrapin  {Mdlacoclem/mys  Falusiris)  from  four 
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to  six  inches  in  length,  and  at  Prof.  Martin's  suggestion  I  have 
undertaken  the  study  of  two  of  the  problems,  hitherto  unsolved, 
which  the  muscles  of  this  species  present.  First,  to  determine 
the  minimal  number  of  stimuli  per  second  necessary  to  tetanize 
them ;  and  second,  to  determine  the  rate  at  which  the  wave  of 
contraction  propagates  itself  along  the  muscle. 

I  desire  here  to  acknowledge  my  indebtedness  to  Prof.  Martin 
for  the  facilities  placed  at  my  disposal,  for  his  kindness  in  having 
apparatus  constructed  for  me,  and  for  advice  and  suggestions; 
also  to  Dr.  Howell  for  valuable  suggestions  and  criticisms  given 
during  the  course  of  my  work. 

PaBT  I. — EXPEEIMENTS  ON  TeTANUS. 

Description  of  ApparatuB. 

Induction  shocks  were  used  for  stimulating  in  all  of  the  ex- 
periments. Several  methods  for  interrupting  the  primary  circuit 
were  employed.  In  some  of  the  earlier  experiments  Kronecker's 
capillary  contact  interruptor*  was  used,  but  my  experience  with 
this  was  not  very  satisfactory.  In  the  first  place  its  motion  was 
very  irregular  at  slow  rates  of  vibration,  and,  besides,  the  fact  that 
opening  and  closing  shocks  alternate  is  a  rather  grave  objection. 
The  interval,  too,  between  any  closing  shock  and  the  succeeding 
opening  one  is  not  perfectly  constant,  but  irregularities  some- 
times occur,  owing  to  the  mercury  being  drawn  out  by  the  wire, 
thus  slightly  delaying  the  moment  of  breaking  the  circuit.  In 
addition,  there  is  no  way  to  control  the  rate  of  vibration  so  as  to 
set  it  in  advance  to  interrupt  at  any  desired  rate,  and  the  only 
way  in  which  the  rate  can  be  calculated  is  from  the  tracings 
gotten  from  the  muscle  itself.  The  apparatus  often  occasions 
annoying  delays,  and  requires  too  much  attention  to  be  used 
where  anything  else  is  to  be  observed. 

In  some  of  the  following  experiments  I  employed  Ludwig's 
interrupting  apparatus.^  This  had  one  great  advantage  over  that 
of  Kronecker  in  giving  only  one  kind  of  shock,  i.  e,  either 
opening  or  closing  as  desired.     In  using  this  1  endeavored  to 

^  Yerhandlangen  der  Physiologischen  Gesellscbaft  zu  Berlin,  1877,  No.  8. 
'See  article  by  Lukjanow  in  Arch,  fur  Anat  and  Phys.    Phjs.  Abt.  Supple- 
ment, 1886,  p.  130. 
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calibrate  it  in  advance  by  putting  a  chronograph  in  the  circnit 
and  determining  the  number  of  interruptions  per  second  for  any 
given  weight  and  adjustment.  Tliis  was  not  very  satisfactory, 
because  of  the  difficulty  in  keeping  the  rate  constant  under  the 
same  circumstances.  The  manner  of  making  and  breaking  the 
contact  is  at  least  open  to  suspicion  also.  The  pins  on  the 
cylinder  allow  the  movable  arms  of  the  keys  to  spring  back  with 
great  suddenness.  At  rapid  rates,  then,  it  may  be  questioned 
whether  the  contact  is  made  at  once.  A  rebound  might  easily 
occur  in  either  key,  and  the  result  would  be  that  the  muscle 
would  receive  more  stimuli  than  was  supposed,  and  that  both 
kinds  of  shock  would  get  through  to  the  muscle  by  reason  of  the 
short  circuit  key  being  open  when  the  shock  not  desired  was 
produced. 

This  was  then  given  up  in  favor  of  an  interrupter  which  was 
constructed  for  me  in  this  laboratory.  (See  Plate  X.)  In  part 
it  is  a  modification  of  Ludwig's  form.  The  axle,  supported  upon 
a  rubber  base,  carries  two  eccentrics  which  may  be  adjusted  in 
any  way  desired.  The  rims  are  grooved,  and  in  these  grooves 
lie  two  steel  rods  which  constitute  the  upper  part  of  the  contact 
keys.  These  rods  are  kept  pressed  firmly  against  the  eccentrics 
by  springs,  but  the  adjusting  screws  below  are  so  regulated  that 
at  the  moment  of  contact  the  rod  very  slightly  leaves  the  eccen- 
tric, thus  makiug  the  contact  more  certain. 

The  advantage  of  the  eccentric  over  the  pins  used  in  Ludwig's 
apparatus  is  obvious.  Contact  is  not  made  by  allowing  the 
movable  arm  of  the  key  to  spring  suddenly  from  its  most  distant 
point  against  the  fixed  arm,  but  the  motion  of  the  eccentric 
brings  the  two  together  as  slowly  as  the  rate  of  rotation  of  the 
axle  will  allow,  thus  diminishing  greatly  the  danger  of  a  rebound. 

Key  a  needs  no  special  mention.  Key  h  is  so  constructed  as 
to  interrupt  two  entirely  distinct  circuits  simultaneously.  The 
structure  of  this  key  is  made  plain  by  the  diagram  (Plate  XI, 
fig.  1)  representing  the  front  and  side  views.  The  central  part 
of  the  vibrating  arm  is  made  of  rubber,  and  on  either  side  is 
fastened  a  thin  plate  of  brass,  bent  out  at  right  angles  below, 
and  covered  with  platinum  on  one  face  to  form  the  contact  with 
the  screw  from  the  fixed  arm.  In  this  way  the  two  circuits  are 
kept  entirely  distinct,  and  wires  are  led  off  from  each  side,  as 
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shown  in  the  figure,  and  connected  with  the  binding  screws.  In 
order  to  keep  the  snrfaces  bright,  a  vessel  containing  kerosene  is 
placed  under  the  two  keys,  and  may  be  raised  and  lowered  as 
desired. 

One  side  of  the  double  key  is  used  to  interrupt  the  primary 
circuit,  and  the  single  key  a  is  placed  in  short  circuit  with  the 
secondary  coil.  If  now  the  eccentrics  are  so  placed  that  their 
long  axes  make  an  angle  of  90  degrees  with  each  other,  one 
shock  will  result  from  each  rotation  of  the  axle.  If  it  is  so 
arranged  that  the  short  circuit  key  opens  first  and,  after  the  axle 
has  turned  through  90  degrees,  the  primary  circuit  is  opened, 
then  the  opening  shock  will  get  through  to  the  muscle.  But  the 
short  circuit  key  also  closes  before  the  primary  circuit,  hence  the 
closing  shock  does  not  reach  the  muscle.  This  arrangement  was 
used  in  all  of  my  experiments. 

For  rotating  rapidly  a  water  motor  was  employed.  This  was 
connected  with  a  closed  mercury  manometer  provided  with  a 
scale,  and  in  this  way,  knowing  the  water  pressure  necessary  to 
give  any  desired  rate,  it  was  easy  to  set  the  machine  going  at 
that  rate  in  advance.  Finer  adjustments  could  be  made  by 
means  of  a  spring  pressing  on  the  hub  of  the  fiy-wheel,  but  in 
practice  this  was  rarely  used,  since  the  motor  carried  pulleys  of 
several  difierent  sizes,  and  by  getting  a  combination  which 
would  give  nearly  the  desired  rate,  slight  changes  in  water 
pressure  would  do  all  that  was  desired. 

The  motion  of  the  apparatus  is  very  regular.  Slight  and  often 
sudden  variations  in  pressure  frequently  take  place  in  the  city 
supply,  and  of  course  a  tank  at  a  high  elevation  would  have  been 
a  more  nearly  ideal  arrangement,  but  I  found  no  great  difiiculty 
in  keeping  the  rate  constant  for  any  length  of  time.  However, 
supposing  that  any  irregularity  of  motion  should  occur,  the  side 
of  the  double  key  hitherto  unaccounted  for  gives  us  a  means  of 
detecting  it.  This  is  placed  in  the  circuit  going  to  a  chrono- 
graph which  writes  upon  the  drum  immediatety  under  the  muscle 
tracing.  If  then  a  series  of  opening  shocks  is  being  used,  every 
ascent  of  the  chronograph  line  from  its  lowest  position  (current 
closed)  to  its  highest  position  (current  dpen)  indicates  the  moment 
of  opening  of  the  primary  circuit  and  stimulation  of  the  muscle. 

If  in  addition  another  chronograph  beating  at  a  known  rate 
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be  made  to  write  on  the  druin,  we  have  entire  control  of  the 
number  of  stimnli  which  the  mnscle  receivee.  For  this  purpose 
an  electric  signal  was  used,  the  circuit  being  interrupted  by  a 
tuning  fork  making  50  double  vibrations  per  second. 

Every  record  then  consisted  of  three  lines.  The  upper  was 
the  tracing  made  by  the  muscle ;  the  middle  showed  intervals  of 
^th  sec.,  and  the  lower  gave  the  number  of  stimuli  which  the 
muscle  received. 

To  make  periods  of  rest  and  activity  alternate  at  regular 
intervals,  an  ordinary  drum  kymograph  was  used.  Wires  were 
soldered  to  the  drum,  and  these  dipped  down  into  a  mercury 
trough  as  the  drum  rotated.  So  long  as  the  wires  were  in  the 
mercury,  the  current  would  entirely  short  circuit  through  the 
drum.  By  bending  any  number  of  wires  so  that  they  would 
clear  the  surface  of  the  mercury,  the  current  would  get  through 
to  the  muscle  for  constant  periods  and  at  regular  intervals. 

In  some  of  the  experiments  when  the  muscle  was  to  be  kept  at 
the  room  temperature,  an  ordinary  glass  moist  chamber  was  used. 
In  others  this  was  replaced  by  a  double  walled  metal  cylinder, 
through  which  water  of  any  desired  temperature  could  be  passed. 

The  electrodes  consisted  of  platinum  wires  which  were  looped 
around  the  upper  end  of  the  muscle  about  10  mm.  apart.  To 
secure  firmness  these  were  fastened  to  a  rubber  support  con- 
nected with  the  rqbber  top  of  the  cylinder.  (See  Plate  XI, 
Fig.  3.) 

The  amount  of  shortening  of  so  long  a  muscle  in  tetanus,  is  so 
great  that  a  lever  cannot  be  employed  unless  its  length  is  incon- 
veniently great.  Instead  of  this  I  used  a  recorder  of  the  form 
shown  in  Plate  XI,  Fig.  2.  It  consists  of -a  short  piece  of  glass 
tubing,  nearly  sealed  at  both  ends,  and  serving  as  a  guide  for  a 
wire  which  moves  in  it  freely  but  without  having  much  play. 
To  this  wire  is  attached  at  the  upper  end  a  bit  of  cork  carrying 
a  straw  with  an  aluminium  point.  The  point  was  kept  pressed 
against  the  drum  by  means  of  a  weighted  horse  hair.  With  this 
recorder  the  amount  of  shortening  of  the  muscle  is  not  magnified, 
but  faithfully  reproduced. 

In  order  to  reduce  the  '*  throw  "  of  the  recorder  (wurf hohe) 
as  far  as  possible,  the  weight  was  not  suspended  directly  from  the 
muscle,  except  in  some  of  the  earlier  experiments,  but  from  a 
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pulley  Bome  distance  off.  This  pnlley  was  connected  with  a 
lever,  which  in  turn  was  connected  with  the  recording  arm  by  a 
wire.  The  actual  distance  through  which  the  weight  moves  is 
BO  small  that  its  full  effect  is  exerted  during  the  whole  of  the 
contraction.  If  a  sudden  upward  blow  be  given  to  the  lower  end 
of  the  wire,  it  will  not  leave  the  finger  unless  the  motion  be  very 
rapid.  Another  test  showed  its  sensitiveness  even  better.  A 
tuning  fork  beating  50  per  second  was  set  vibrating  by  an  electric 
current,  and  the  lower  end  of  the  wire  was  placed  upon  one  of 
the  arms.  The  tracing  made  upon  the  drum  faithfully  repre- 
sented the  number  of  vibrations  of  the  fork. 

This  apparatus  then  is  capable  of  showing  the  slightest  changes 
in  the  position  of  the  lower  end  of  the  muscle,  within  at  least  50 
vibrations  i)er  second. 

The  connection  from  the  muscle  to  the  recorder  must  not  be 
made  by  a  thread,  bat  by  something  more  rigid.  In  my  experi- 
ments a  fine  platinum  wire  was  used. 

The  precaution  must  also  be  taken  not  to  place  the  recorder  on 
the  same  upright  that  carries  the  two  chronographs,  since  their 
motion  makes  the  muscle  curve  irregular. 

Preparation  of  the  Muscle. 

The  terrapins  were  always  placed  in  a  warm  room  for  several 
hours  preceding  an  experiment,  the  advantage  of  this  being  that 
a  smaller  amount  of  curare  sufficed  to  put  the  animal  thoroughly 
under  its  influence,  and  it  also  had  its  effect  more  quickly ;  three 
or  four  minims  were  always  sufficient  to  thoroughly  curarize  a 
small  terrapin,  and  usually  in  ten  minutes  or  less.  The  curare 
was  given  by  trephining  a  small  hole  in  the  plastron  directly 
over  the  heart,  and  inserting  the  needle  of  a  fine  hypodermic 
syringe  into  the  apex  of  the  ventricle.  After  the  curare  had 
taken  effect,  the  animal  was  pithed,  the  bridges  of  the  carapace 
were  sawed  through,  and  the  skin  cut  away  from  both  carapace 
and  plastron  posteriorly.  Both  ilia  were  then  cut  through  with 
bone  forceps,  and  the  shoulder  girdle  was  broken  away  from  the 
carapace.  The  skin  of  the  neck  was  then  cut  on  the  middle  line 
ventrally,  and  the  trachea  and  esophagus  removed,  the  hyoid 
bone  being  cut  away  on  both  sides.  If  now  the  hind  legs  are 
drawn  forward,  all  the  viscera  will  be  carried  with  them,  leaving 
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behind  only  the  group  of  neck  retractor  muscles.  The  anterior 
end  may  be  easily  dissected  away  from  its  insertion.  The  pos- 
terior end  presents  more  difficulty,  but  by  using  a  sharp  chisel, 
with  not  too  wide  a  blade,  the  vertebrae  may  be  separated  from 
the  carapace  with  little  or  no  injury  to  the  muscle,  and  without 
consuming  much  time.  The  two  sides  may  be  separated  with 
scissors  without  injury  to  the  muscle,  by  cutting  up  the  spinal 
canal. 

On  the  Minimal  Nwmher  of  Stimvli  Necessary  to  Prod/uoe 

Tetanus. 

Marey*  found  that  a  muscle  from  a  tortoise  was  held  in  almost 
perfect  tetanus  by  three  stimuli  per  second.  No  statements  are 
made  as  to  what  temperature  was  employed,  and  indeed  it  is  not 
stated  what  muscle  he  used,  or  what  the  species  of  the  animal 
was.  The  muscle  was  enclosed  in  a  jdnce  rn/yographiqvsy  thus 
recording  changes  in  thickness  and  not  length.  Whether  the 
muscle  carried  any  weight  is  also  not  stated. 

My  first  object  was  to  see  how  nearly  the  curarized  neck  re- 
tractors  of  the  terrapin  corresponded  with  this,  and  also  to  study 
the  effect  of  changes  of  temperature  and  strength  of  stimulus. 

I  made  in  all  sixteen  experiments  upon  this  subject,  and  the 
results  were  very  constant  for  given  conditions.  The  figures 
which  I  give  are  the  mean  results  of  all  my  experiments.  In 
some  cases  the  muscle  was  first  cooled  down  and  the  temperature 
then  allowed  to  rise.  In  other  cases  the  reverse  order  was  fol- 
lowed, to  eliminate  as  far  as  possible  the  effects  of  fatigue.  For 
the  sake  of  greater  clearness  I  give  the  details  of  one  experi- 
ment in  which  the  former  order  was  followed. 

Experiment  15,  February  14, 1888. 

A  terrapin  was  placed  in  a  warm  room  for  several  hours 
before  the  experiment ;  four  minims  of  curare  sufficed  to  thor- 
oughly curarize  in  a  few  minutes.  The  muscle  was  then  removed 
in  the  warm  room  and  brought  into  a  room  the  temperature  of 
which  was  4^  0.  The  weight  was  75  grams  suspended  from  the 
pulley,  making  the  load  lifted  by  the  muscle  slightly  more  than 
8  grams.  The  stimuli  were  maximal  from  an  induction  coil  and 
one  carbon-bichromate  cell. 

>  Mouyement  dans  les  Fonctions  de  la  Vie,  p.  883. 
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After  waiting  five  minutes  for  the  muscle  to  assnme  the 
temperature  of  the  room,  and  washing  it  with  normal  salt  solo- 
tion  at  that  temperature,  the  first  tracings  were  taken.  Tetanus 
was  produced  when  the  muscle  received  one  stimulus  per  second. 
(See  Plate  XII,  Fig.  1.)  Raising  the  temperature  by  passing 
water  through  the  cylinder,  die  mean  results  gotten  were  as 
follows : 

Temperature.  Number  to  Tetanise. 

4  1 

9  5 

21  25 

28  34  (See  Plate  XII,  Fig.  4.) 

These  results  are  very  constant,  and  variations  of  more  than 
one  or  two  per  second  are  not  met  with,  this  slight  variation 
being  easily  explained  by  difference  in  irritability  owing  to 
fatigue.  As  my  object  was  not  to  study  the  effect  of  high 
temperatures  upon  tetanus,  I  did  not  carry  this  any  farther. 
Sufiice  it  to  say  that  at  36-38  degrees  the  muscle  becomes  less 
irritable,  the  height  of  the  curve  is  diminished,  and  a  smaller 
number  of  stimali  per  second  will  give  tetanus.  If  the  temper- 
ature be  again  lowered  the  irritability  may  be  increased,  though 
it  does  not  return  to  what  it  was  originally,  as  shown  by  the  fact 
that  a  smaller  number  of  stimuli  will  still  tetanize. 

These  figures  are  higher  than  one  would  expect  to  find  for  an 
animal  whose  motions  are  as  sluggish  as  those  of  the  terrapin, 
though  it  should  be  stated  that  the  animals  with  which  I  worked 
were  often  quite  active  as  compared  with  other  forms,  the 
"  slider  "  terrapin  for  example.  Their  activity,  however,  is  not 
nearly  so  great  as  that  of  the  frog,  and  yet  according  to  Marey's 
determinations,  so  far  as  I  can  apply  them  to  the  conditions 
under  which  I  worked,  a  greater  number  of  stimuli  is  necessary 
to  tetanize  the  muscles  of  the  terrapin  than  of  the  frog. 

On  comparing  the  figures  just  given  with  those  gotten  in  some 
of  the  earlier  experiments,  striking  differences  are  found,  and 
the  canse  of  the  differences  is  significant.  At  22^,  14  stimuli 
were  sutficient  to  tetanize,  and  at  31°,  16  were  necessary. 
This  was  due  to  a  difference  in  the  recorder  and  its  connection 
with  the  muscle.  The  recorder  was  simpler  than  the  one  repre- 
sented in  Plate  XI,  Fig.  2,  and  consisted  merely  of  the  glass 
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tube  and  wire,  the  weight  beinf<  Buepended  directly  from  the 
wire.     The  connection  with  the  muscle  was  by  a  silk  thread. 

For  purposes  of  comparison  I  made  a  few  experiments  with 
frog  muscles  which  gave  rather  surprising  results.  After  curariz- 
ing,  the  gastrocnemius  was  taken  out  and  connected  by  a  wire 
with  the  recorder,  the  weight  being  about  8  grams.  At  a 
temperature  of  25i^,  37  stimuli  per  second  are  not  sufficient  to 
gvoe  uniform,  tetanus^  instead  ofVl^  which  is  the  highest  figure 
hitherto  gimen}  (See  Plate  XII,  Fig.  3.)  The  sartorius  requires 
a  somewhat  smaller  number,  being  nearly  tetanized  under  the 
same  conditions  Sy  85  per  second.    (See  Plate  XII,  Fig.  2.) 

From  the  forgoing  it  follows  that  we  can  graphically  analyze 
a  tetanus  much  farther  than  has  been  supposed,  if  the  recording 
apparatus  is  sufficiently  sensitive,  and  indeed  the  whole  matter 
seems  to  be  largely  a  question  of  sensitiveness  of  the  recording 
apparatus,  and  consequently  has  little  real  significance.  If  the 
mere  fact  that  a  silk  thread  connects  the  muscle  with  the  recorder  S 

makes  a  difference  of  more  than  ten  per  second  in  the  number  of 
stimuli  necessary  to  produce  a  tetanus  curve  that  shall  not  show 
any  undulations,  it  follows  very  naturally  that  since  the  extensi- 
bility of  muscle  is  so  much  greater  than  that  of  the  thread,  \ 
vibrations  may  really  exist  when  the  muscle  is  rapidly  stimulated 
which  do  not  affect  the  lower  end  of  the  muscle,  but  are  absorbed                       *! 
in  the  substance  of  the  muscle  itself.    If  then  we  had  a  recording 
apparatus  capable  of  registering  very  rapid  alterations  in  length, 
and  yet  so  light  as  not  to  interfere  with  the  free  movements  of 
the  muscle,  and  if  at  the  same  time  we  had  a  muscle  which  was 
sufficiently  rigid  not  to  fuse  together  the  single  contractions,  we 
would  expect  that  the  muscle  would  respond  to  any  rate  of 
stimulation,  and  that  the  tracing  would  reproduce  exactly  the                       ] 
number  of  stimuli  which  the  muscle  receives.    It  is  to  be  noted  * 
that  in  the  tracings  given,  especially  those  from  frog  muscles,  the 
curve  does  not  cease  to  show  oscillations  even  after  tetanus  has                       -' 
been   continued  for  many  seconds.     That  this  is  not  due  to                       \ 
unsteadiness  of  the  apparatus  is  shown  by  the  fact  that  the  line 
made  by  the  recorder  is  perfectly  regular  as  soon  as  the  stimu- 
lation ceases,  although  the  chronographs  are  still   vibrating. 
Marey^  has  shown  the  importance  of  the  mechanical  properties 

>  Hermami'fl  Handbuch,  Vol.  I,  p.  42.  *  Mopyement,  etc.,  p.  197. 
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of  a  mnscle  in  determining  the  form  of  a  single  contraction  curve. 
The  foregoing  results,  however,  seem  to  justify  one  more  step, 
and  allow  the  general  statement  to  be  made  that  within  certain 
limits  tJie  more  extensible  a  rauscLe  isj  the  J^ewer  stimuli  per 
second  will  suffice  to  tetanize  it. 

This  relation  is  to  some  extent  borne  out  by  older  determina- 
tions made  by  Marey.*  He  found  that  the  hyoglossus  of  the  frog 
is  tetanized  by  10  stimuli  per  second,  while  tiie  gastrocnemius 
requires  27.  It  has  been  stated  that  there  is  a  difference  of  2 
per  second  between  the  gastrocnemius  and  sartorius  of  the  frog. 
The  difference  is  really  greater  than  this,  since  the  curve  of  the 
sartorius  is  more  nearly  a  perfect  tetanus  than  that  of  the  gastro- 
cnemius. The  sartorius  in  fact  almost  agrees  with  the  terrapin 
muscle,  which  it  so  strikingly  resembles  in  mechanical  properties. 
The  greater  rigidity  of  the  gastrocnemius,  then,  is  the  explana- 
tion of  the  fact  tliat  changes  which  take  place  in  the  upper  part 
of  the  muscle  are  more  faithfully  communicated  to  the  lower 
part,  and  hence  are  seen  in  the  graphic  record. 

Effect  of  Strength  of  Stimulus. 

Eronecker*  states  that  when  very  weak  stimuli  are  used  tetanus 
may  be  produced,  but  with  his  interruptor  irregularities  often 
appear  in  the  curves.  These  he  supposes  to  be  due  to  inequality 
of  contact  owing  to  the  mercury  being  drawn  out  by  the 
vibrating  wire. 

In  order  to  see  if  any  irregularities  would  be  found  when  the 
contact  was  perfectly  reliable,  and  especially  when  the  inequality 
of  opening  and  closing  shocks  could  not  influence  the  results,  I 
made  a  few  experiments  on  this  point. 

In  every  case  I  found  the  curves  to  be  perfectly  regular,  but 
the  rise  was  often  exceedingly  slow.  (See  Plate  XII,  Fig.  6.) 
Tetanus  may  be  produced  by  stimuli  which  singly  are  without 
effect,  and  which  even  when  repeated  at  intervals  of  one  second 
do  not  cause  any  contraction. 

These  experiments  were  made  early  in  the  course  of  my 
work,  and  before  the  recorder  had  reached  its  final  form.  The 
figures  gotten  are  not,  then,  strictly  comparable  with  those  for 
maximal  stimuli,  but  on  comparing  them  with  the  earlier  results 

>Lc.  p.  882.  *1. 0. 
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for  maximal  stimuli,  very  little  difference  is  observed  unless  the 
stimuli  are  very  weak.  "When  the  stimuli  are  just  minimal,  a 
smaller  number  will  suffice  to  tetanize,  in  certain  cases  8  per 
second  being  sufficient  under  the  conditions  which  would  require 
12-14  stimuli  if  maximal  or  nearly  so.     (See  Plate  XII,  Fig.  5.) 

This  becomes  plain  when  we  consider  the  single  contractions, 
which  are  very  much  prolonged  and  not  by  any  means  compar- 
able with  the  upper  portion  of  a  maximal  contraction  curve 
gotten  under  the  same  conditions.  This  is  in  accord  with  the 
general  condition  to  which  SewalP  has  called  attention.  He 
found  that  in  summated  contractions  the  higher  the  contraction 
the  more  sudden  was  the  fall.  He  explained  this  by  supposing 
that  at  favorable  intervals  of  summation  ''the  contractile  energy 
of  the  muscle  is  condensed  and  used  up  rapidly  in  doing  work, 
leaving  the  muscle  an  inert  body  to  be  rapidly  stretched  as  such 
by  the  suspended  weight,  when  the  shortening  phase  of  its  con- 
traction is  over,  while  in  a  single  contraction  the  contracting 
enei^  is  not  expended  at  the  greatest  shortening,  but  resists  for 
a  time  the  fall  of  the  appended  load." 

The  behavior  of  weak  single  stimuli  is  probably  to  be  explained 
in  the  same  way.  Not  all  of  the  energy  liberated  by  the  stimulus 
is  used  up  in  the  ascending  phase  of  the  contraction,  but  a  certain 
amount  is  used  after  the  muscle  has  reached  its  greatest  height. 
The  effect  of  this  is  to  hold  the  muscle  at  its  position  of  greatest 
fihortening  longer  than  when  the  stimuli  are  stronger. 

Another  point  which  was  very  constantly  observed  may  be  worth 
mentioning.  When  stimuli  of  moderate  strength,  considerably  less 
than  maximal,  were  sent  in  to  the  muscle  at  a  rate  of  6-8  per 
second,  they  very  soon  fuse  into  a  perfect  tetanus,  i.  e.  after  a  much 
smaller  number  of  stimulations  than  would  be  necessary  to  pro- 
duce fusion  if  the  stimuli  were  maximal.  This  is  probably  owing 
to  fatigue  working  through*  the  changes  which  it  produces  in  the 
mechanical  properties  of  the  muscle,  and  is  in  accord  with  the 
observation  of  Eroneeker  that  when  weak  stimuli  are  used  the 
fatigue  curve  falls  more  suddenly  than  for  strong  stimuli. 

'  On  the  effect  of  two  succeeding  stimuli  upon  muscular  contraction,  Jou/mal 
of  Physiology  J  Vol.  II,  p.  176. 
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Past  II. — On  the  Kate  of  Peopaoatiok  of  the  CoMTKAcmoK 

Wave. 

For  determining  the  rate  at  which  the  contraction  wave  pro- 
pagates itself  along  a  muBcle,  a  variety  of  methods  have  been 
employed.  Aeby,*  who  was  the  first  worker  in  this  field,  used 
the  gracilis  of  the  frog.  This  was  placed  on  a  horizontal  surface, 
and  two  levers  which  wrote  on  a  myograph  were  allowed  to  rest 
upon  different  parts  of  the  muscle  as  far  removed  from  each 
other  as  possible.  If  then  the  muscle  was  stimulated  at  one  end, 
the  lever  nearest  the  point  of  stimulation  would  rise  first,  and 
from  the  difference  in  time  and  the  length  of  muscle  between  the 
levers  the  rate  could  be  deduced.  This  rate  he  found  to  be 
somewhat  more  than  one  meter  per  second  when  the  muscle  was 
perfectly  fresh,  but  it  soon  diminished  as  the  muscle  became 
fatigued. 

von  Bezold'  and  Engelmann'  used  a  different  method.  They 
clamped  the  muscle  some  distance  below  the  suspended  end 
firmly  enough  to  prevent  the  upper  part  of  the  muscle  contracting, 
and  connected  wires  with  each  end.  On  passing  a  constant  cur- 
rent they  found  that  the  latent  period  differed  according  to  the 
direction  of  the  current.  If,  for  example,  they  used  breaking 
contractions,  the  latent  period  was  greater  when  the  positive 
pole  was  at  the  upper  end  of  the  muscle.  From  this  they  con- 
cluded that  the  difference  must  be  taken  up  by  the  wave  tra- 
versing the  part  of  the  muscle  which  is  prevented  .by  the  clamp 
from  contracting.  In  this  way  the  rate  was  found  to  be  about 
1.7  meters  per  second. 

Valentin^  used  the  same  method  as  Aeby,  but  kept  the  muscle 
in  the  body.  According  to  him,  the  manipulation  involved 
in  removing  the  muscle  from  the  body  injures  it  and  makes  the 
rate  slower  than  it  should  be.  He  found  the  rate  to  be  4.28 
meters  per  second.  He  got  the  same  res  alt  as  Aeby  when  he 
worked  under  the  same  conditions. 

I  Untersuohungen  liber  die  Fortpflanzungsgeschwindigkeit  der  Beizang  in 
der  quergestreiften  Maskelfaser.    Braunschweig,  1862. 

*  Untersuohangen  iiber  die  electrisohe  Erregung  der  Neryen  and  Muskeln. 
(Quoted  in  Hermann's  Handbuch,  Vol.  I,  p.  58.) 

'  IJeber  Reizung  der  Muskelfaser  durch  den  constanten  Strom,  Jenaiache  Zeit- 
schrifl.  Vol.  4,  pp.  802-806. 

^  Untersuohungen  tiber  Pfeilgifte,  P/Utger*s  Arch,  Vol.  4,  p.  117. 


CONTRACTION  WA  VE  IN  STRIA  TED  MUSCLE.    136 

Bernstein^  used  one  lever  i^hich  wrote  upon  a  myograph  cylin- 
der. This  rested  upon  one  end  of  the  ranscle.  By  stimulating 
the  other  end,  knowing  the  distance  from  the  electrodes  to  the 
lever  and  the  time  of  stimulation,  the  rate  can  be  calculated. 
His  results  vary  between  3.226  and  4.385  meters. 

Hermann'  used  the  method  of  electrical  time  measurement. 
The  muscle  (sartorius)  was  so  placed  that  the  lever  of  a  Helm- 
holtz  ^' frog-interruptor"  rested  on  one  end,  and  the  stimulus 
was  sent  in  at  the  other.  If  the  time-measuring  current  be 
passed  through  a  ballistic  galvanometer  at  the  moment  of  stimu- 
lation by  means  of  a  double  key,  and  continue  to  pass  through 
until  it  is  taken  out  by  the  thickening  of  the  muscle  breaking 
the  contact,  the  deflection  of  the  needle  will  give  the  time  which 
the  wave  occupies  in  traversing  the  given  length  of  muscle. 
With  this  method  he  obtained  results  varying  from  1.667  to  3.313 
meters  per  second.  One  determination  made  on  the  muscle  of  a 
tortoise  {Testvdo  graeca)  gave  the  rate  1.829  meters  per  second. 
None  of  these  methods  are  entirely  free  from  objection,  and 
much  of  the  work  is  also  open  to  criticism. 

The  graphic  method  of  recording  is  not  satisfactory.  The 
actual  amount  of  thickening  is  so  small  that  the  lever  must  be 
very  long,  and  this  brings  in  two  objectionable  features :  1st,  the 
weight  of  the  lever^  and  2d,  the  slowness  of  rise,  making  it 
very  difScult  to  locate  accurately  the  point  at  which  the  ascent 
from  the  base  line  begins.  Aeby's  work  is  also  rendered  less 
valuable  by  the  fact  that  he  used  the  gracilis  of  the  frog,  which,  as 
Hermann  pointed  out,  is  rendered  unfit  for  this  purpose  because 
of  its  having  a  tendon  which  interrupts  the  continuity  of  the 
muscle  substance. 

The  method  used  by  von  Bezold  and  Engelmann  is  open  to 
the  objection  that  clamping  injures  the  muscle.  This  is  shown 
by  the  very  rapid  decrease  in  rate  which  their  figures  give,  and 
Engelmann,  at  least,  attributes  this  to  injury  to  the  muscle. 
This  method  would  give  the  velocity  of  the  wave  of  stimulation 
(reizwelle)  rather  than  the  wave  of  contraction  (contractions- 

'  Untersachiingen  iiber  den  ErregungSYorgange  im  Nerven-  and  Moskelsys- 
teme.  Heidelberg,  1871,  pp.  76-94. 

*Neue  Messungen  iiber  die  Fortpflanzangsgeschwindigkeit  der  Erregung  im 
Muskel.    FfiilLger*8  Arch,  X,  pp.  48-^. 
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welle),  although  the  two  are  probably  identical.  It  appears 
somewhat  strange,  however,  to  determine  the  velocity  of  the  con- 
traction wave  in  a  portion  of  the  mnscle  which  is  not  allowed  to 
contract.  The  clamp,  too,  wonld  act  as  a  heavy  weight  which 
the  mnscle  was  striving  to  lift,  and  a  mnch  more  serious  objection 
to  the  method  will  be  pointed  out  later  in  considering  the  effect 
of  the  load  on  the  rate  of  the  wave.  Bernstein's  work  may  be 
objected  to  on  the  ground  that  the  conditions  under  which  he 
measured  the  length  of  muscle  traversed  by  the  wave  do  not  cor- 
respond to  the  conditions  under  which  the  muscle  contracted.  In 
contracting  it  carried  no  weight.  Every  part  was  free  to  move 
except  the  part  immediately  connected  with  the  lever.  The  muscle 
then  was  simply  stretched  out  and  allowed  to  assume  its  own 
position.  Instead  of  measuring  it  in  this  condition  and  assuming 
that  the  distance  from  the  electrodes  to  the  lever  represented  the 
length  of  muscle  traversed  by  the  wave,  he  stuck  needles  through 
the  muscle  at  these  two  points  and  then  stretched  it  by  a  weight 
of  30  grams.  The  muscle  then  contracted  with  no  load,  but 
was  measured  with  a  considerable  load.  This  fact  explains  in  a 
measure  Bernstein's  high  results. 

Hermann's  method  is  without  question  the  most  sensitive  of 
all  those  mentioned.  The  advantage  over  any  method  in  which 
the  actual  thickening  of  the  muscle  is  recorded  graphically,  lies  in 
the  fact  that  the  very  beginning  of  the  process  of  contraction  at 
the  spot  under  the  lever  is  accurately  determined.  The  lever 
can  be  so  accurately  adjusted  that  it  requires  almost  no  force  to 
lift  it,  and  the  total  mass  of  the  lever  may  be  much  less  than  in 
the  rather  cumbersome  levers  used  by  Aeby,  the  inertia  of  which 
must  have  been  very  considerable. 

There  are  certain  disadvantages  also  connected  with  this 
method.  In  the  first  place  it  is  a  difficult  method  to  use.  In 
order  that  the  time  may  be  deduced  from  the  amourft  of  deflec- 
tion of  the  needle,  it  is  necessary  to  calibrate  the  galvanometer  in 
advance  by  allowing  the  time-measuring  current  to  pass  through 
it  for  known  periods.  This  is  troublesome  and  tedious,  moreover 
must  be  repeated  for  every  experiment.  So  much  time  also  is 
required  for  each  observation  that  but  few  can  be  made  on  the 
muscle  while  it  is  in  its  freshest  condition. 

It  should  also  be  borne  in  mind  that  while  the  ballistic  galva- 
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nometer  is  a  very  accurate  measure  for  minute  fractions  of  a 
second,  it  is  not  so  reliable  when  the  periods  are  somewhat  longer. 
The  essential  condition  is  that  the  needle  must  be  so  heavily 
loaded  that  it  will  not  begin  to  mov6  until  the  whole  current  has 
passed  through,  and  the  longer  the  period  the  more  difScult  it  is 
to  be  sure  of  this  condition  being  fulfilled. 

Hermann  also  measured  the  muscle  while  weighted,  but  had  no 
weight  when  the  muscle  contracted.  This  makes  his  results 
somewhat  high,  since  the  wave  really  traverses  more  of  the 
muscle  substance  than  was  measured. 

Descrvption  of  Apparatus. 

My  endeavor  was  to  construct  an  apparatus  which  would  com- 
bine as  many  as  possible  of  the  desirable  features  of  the  methods 
previously  used,  and  at  the  same  time  be  as  free  as  possible  from 
their  defects.  The  result  finally  reached  is  represented  in  Plate 
XI,  Fig.  4.  The  cross-shaped  base  is  made  of  hard  rubber.  The 
muscle  lies  upon  the  long  arm,  while  a  lever  crosses  it  near  one 
end.  This  lever  carries  a  small  upright  arm  (5)  made  of  rubber 
and  rounded  at  the  lower  end.  This  rests  upon  the  muscle  and 
may  be  adjusted  in  any  direction.  At  this  point  two  rubber 
jaws  are  so  arranged  as  to  slightly  compress  the  muscle  laterally. 
(For  the  sake  of  simplicity  only  one,  c,  is  represented  in  the  figure.) 
At  this  point  then,  the  muscle  is  completely  enclosed,  three  sides 
being  fixed  and  the  fourth  movable.  Any  change  in  the  cross 
area  of  the  muscle,  then,  will  raise  the  lever,  and  if  the  lever  be 
carefully  adjusted  so  that  it  rests  very  lightly  upon  the  muscle, 
the  slightest  change  will  cause  it  to  rise.  The  free  end  of  the 
lever  carries  two  screws  with  platinum  points,  one  dipping  into 
a  mercury  cup,  and  the  other  resting  on  a  solid  platinum  contact, 
as  in  the  Helmholtz  "  frog-interruptor."  Wires  serving  as  elec- 
trodes are  placed  at  various  distances  along  the  base,  one  pair 
being  immediately  under  the  lever. 

So  far  the  apparatus  is  not  essentially  difierent  from  that  of 
Hermann.  Instead  of  using  it  to  interrupt  the  circuit  to  a  bal- 
listic galvanometer,  the  wires  were  carried  to  an  electric  signal 
which  wrote  on  the  smoked  plate  of  a  pendulum  myograph.  This 
signal  was  constructed  by  removing  the  siphon  from  a  Martin 
chronograph  and  inserting  a  long  fine-pointed  metal  arm  in  its 
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place.  The  coils  were  made  of  coarse  wire,  and  when  supplied 
by  one  large  carbon-bichromate  cell,  the  cores  become  magnetized 
sufficiently  to  pull  the  armature  down  in  spite  of  very  considera- 
ble resistance  on  the  part  of  the  spring.  When  the  cores  are 
demagnetized  the  lever  flies  back  with  great  suddenness,  making 
the  point  of  divergence  from  the  base  line  very  sharp  and  defi- 
nite. By  arranging  the  signal  so  that  the  lever  is  drawn  down- 
wards  by  the  spring,  the  point  of  divergence  becomes  even 
sharper,  since  the  base  line  is  convex,  and  not  straight  as  in  a 
drum  or  spring  myograph. 

There  is  one  error  owing  to  the  fact  that  the  signal  has  a  latent 
period  of  its  own — the  time  required  for  the  cores  to  become  de- 
magnetized. Since  the  determination  is  a  diiference  and  the  error 
is  constant,'  it  need  not  of  course  be  considered.  We  have  then 
a  method  which  is  easy  to  use,  and  at  the  same  time  capable  of  I 

rocording  very  sharply  the  exact  moment  when  the  contraction 
wave  first  reaches  the  recording  point  on  the  muscle.  It  may  be 
modified  to  measure  the  contraction  wave  as  it  passes  from  one 
point  on  the  muscle  to  another.  I  made  a  few  experiments  with 
a  double  apparatus  of  this  sort,  in  which  two  levers  rested  on  the 
muscle  and  two  signals  recorded,  one  above  the  other.  This  gave 
results  more  directly  comparable  with  those  of  Aeby,  but  I  aban- 
doned it  because  of  the  greater  simplicity  of  the  single  lever  and 
greater  ease  of  adjusting.  In  order  that  the  results  may  have 
any  value,  the  two  levers  must  be  balanced  in  exactly  the  same 
way  and  press  with  exactly  the  same  force  upon  the  muscle,  and 
it  is  difficult  to  be  sure  that  this  condition  is  always  fulfilled. 

Details  of  Experiment. 

The  two  long  muscles  were  removed  together  as  soon  as  the 
curare  had  taken  efiect,  and  as  quickly  as  possible  placed  on  the 
apparatus.  A  string  was  fastened  around  the  bone  at  the  posterior 
end,  and  around  both  tendons  at  the  anterior  end.  These  strings 
were  carried  over  pulleys  and  5-gram  weights  attached  to  each 
in  most  cases.  Sometimes  one  end  was  fastened  and  the  other 
end  free,  but  the  results  are  not  affected  by  this.  The  lever  is 
next  to  be  adjusted.  The  upright  arm  is  lowered  upon  the 
muscle,  and  the  two  jaws  are  brought  together  so  as  to  very 
slightly  compress  the  muscle,  but  they  must  not  touch  the  lever 
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arm.  By  means  of  the  eonnterpoise  the  lever  is  nearly  bal- 
anced. It  should  not  press  too  lightly  upon  the  mnscle,  for  then 
it  is  harder  to  keep  the  contact  preserved  nntil  the  contrac- 
tion of  the  muscle  breaks  it ;  and  besides,  unless  the  lever  presses 
with  some  degree  of  firmness  upon  the  muscle  the  very  beginning 
of  the  contraction  is  not  recorded.  Experience  is  the  best  guide 
in  this  respect.  The  lever  must  press  upon  the  muscle  with  suf- 
ficient firmness  to  be  raised  at  the  instant  the  muscle  begins  to 
thicken.  Within  certain  limits  this  is  immaterial,  since  the 
velocity  is  deduced  from  the  difference  between  two  points^  and 
whatever  error  may  exist  is  constant  for  both.^ 

The  signal  is  then  adjusted  to  the  myograph  so  as  to  press 
lightly.  The  point  of  stimulation  is  determined  by  holding  the 
myograph  pendulum  against  the  key  in  its  closed  position  and 
demagnetizing  the  signal  by  raising  the  lever  with  the  hand. 
The  current  is  again  closed,  the  base  line  marked  on  the  plate, 
and  the  pendulum  is  then  raised.  The  wires  from  the  secondary 
ooil  are  then  connected  with  the  electrodes  immediately  under 
the  lever,  and  the  pendulum  is  allowed  to  fall.  The  tracing  thus 
obtained  gives  the  latent  period  of  the  muscle,  the  latent  period 
of  the  signal,  and  the  time  which  the  muscle  may  consume  in 
gathering  up  sufficient  energy  to  move  the  lever.  The  pendulum 
is  again  raised,  the  wires  conne(ited  with  a  distant  pair  of  elec- 
trodes, and  a  second  tracing  taken  on  the  same  base  line.  Into 
this  curve  enter  all  the  factors  of  the  first,  the  additional  one 
being  the  length  of  muscle  from  the  electrode  to  the  lever.  Any 
errors  that  may  exist  then  are  constant  for  both  curves ;  hence, 
knowing  the  length  of  muscle  and  the  time  which  the  distance 
between  the  two  curves  measured  on  the  base  line  represents,  the 
velocity  of  the  wave  may  be  deduced.  The  time  is  measured  by 
the  beats  of  a  Eoenig  tuning  fork  making  200  double  vibrations 
per  second.     A  fine  point  connected  with  one  of  the  arms  wrote 

1  The  latent  period  observed  is  mach  greater  than  that  fonnd  for  frog  muscle 
hj  Tiegerstedt  (Ueber  die  Latenzdauer  der  Muskelzuckung :  Arch.  liir  Anat. 
nnd  Phys.  1885,  Phys.  Abt.  Supplement,  pp.  118-364).  It  is  also  greater  than 
that  fonnd  for  terrapin  muscle  when  suspended  instead  of  lying  flat.  This  is 
owing  to  the  fact  that  the  suspended  muscle  may  be  much  more  accurately 
adjusted  to  the  lever  than  the  muscle  lying  flat  The  muscle  can  be  made  more 
tense  without  breaking  the  connection  at  the  end  of  the  lever.  The  shorter 
period,  then,  is  due  simply  to  better  mechanical  conditions. 
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directly  npon  the  plate  of  the  myograph.  The  velocity  of  the 
plate  was  qnite  rapid,  the  pendulnm  being  raised  to  a  consid- 
erable height,  consequently  the  beats  are  considerably  drawn 
out,  making  it  perfectly  easy  to  measure  intervals  of  .0005  sec 

The  greatest  source  of  error  is  the  difficulty  of  measuring  the 
true  length  of  the  muscle.  This  has  been  done  in  different  ways 
by  different  investigators.  Aeby,  taking  no  account  of  the  weight 
stretching  the  muscle,  assumed  that  the  distance  between  the 
levers  represented  the  length  of  muscle  traversed  by  the  wave. 

Bernstein  and  Hermann  both  measured  the  muscle  under  dif- 
ferent conditions  from  those  under  which  it  contracted,  the  rela- 
tions being  such  as  to  make  the  results  higher  than  if  the  same 
conditions  had  been  observed  in  both  cases. 

In  my  experiments,  as  already  stated,  the  muscles  were  usually 
loaded  with  5  grams  at  each  end.  This  weight  stretched  the 
muscle  to  nearly  its  length  in  the  body  when  the  neck  was  fully 
extended,  consequently  the  muscle  may  be  regarded  as  having 
nearly  its  normal  length  under  these  circumstances.  This  being 
the  case,  the  distance  from  the  electrodes  to  the  lever  represents 
the  length  of  muscle  traversed.  The  point  on  the  muscle  where 
the  lever  rests  is  the  one  fixed  point,  and  when  the  muscle  is 
stimulated  both  ends  approach  this  point,  to  be  drawn  back  again 
by  the  weights  to  their  original  position  when  the  contraction  is 
over.  When  one  end  of  the  muscle  is  fixed  and  the  stimulus 
starts  from  the  free  end,  there  is  displacement  of  the  muscle  under 
the  lever.  This  is  hardly  an  objection  where  it  is  only  desired 
to  determine  the  beginning  of  the  contraction  wave  and  not  its 
form,  since  there  is  no  displacement  until  after  the  wave  has 
begun  to  pass  by  the  lever.  There  is,  however,  more  danger  of 
interrupting  the  signal  circuit  before  the  wave  actually  reaches 
the  lever,  when  one  end  is  fastened,  than  when  both  ends  are 
free,  consequently  the  latter  arrangement  was  the  one  usually 
employed. 

Another  point  which  must  be  carefully  looked  after  is  the 
strength  of  the  stimuli.  Opening  induction  shocks  were  always 
used,  and  the  distance  between  the  coils  was  always  so  great  that 
the  closing  shocks  were  nearly,  if  not  quite,  without  visible  effect. 
There  is  always  danger  of  radiation  of  current  through  the 
muscle,  thereby  causing  the  stimulus  to  start  from  a  point  nearer 
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the  lever  than  is  supposed.  Somewhat  stronger  shocks  than  those 
actually  used  give  no  greater  velocity,  but  for  the  sake  of  safety 
the  weakest  stimuli  that  would  answer  were  used. 

The  wires  from  the  secondary  coil  were  so  arranged  that  the 
cathode  was  nearest  the  lever.     A  commutator  key  was  placed- 
in  this  circuit,  by  which  the  stimulus  could  be  sent  in  to  any 
desired  pair  of  electrodes,  and  also  the  stimuli  produced   in 
adjusting  the  signal  short  circuited  off  from  the  muscle. 

Some  variation  occurred,  but  the  results  of  different  experi- 
ments agree  quite  as  closely  as  could  be  expected,  indeed  more 
closely  than  any  series  of  results  that  I  have  seen  recorded.  The 
variation  in  the  different  observations  on  the  same  muscle,  too,  is 
small  when  we  consider  how  easily  the  condition  of  the  muscle 
may  be  changed  by  fatigue,  slight  changes  of  temperature,  etc. 

In  order  to  show  more  clearly  the  extent  of  the  variations  and 
upon  what  they  depend,  I  give  the  details  of  a  few  experiments. 

Experiment  6,  March  1st,  1888. — Muscle  carried  5  grams  at 
each  end.  The  secondary  coil  was  80  mm.  distant  from  the 
primary.  Temperature  26-27°  C.  Length  of  muscle  from  elec- 
trode to  lever  62  mm. 


Nnmber. 

Time. 

Meters  per  seoond. 

1 

2.89 

2.53 

2 

2.48 

2.62 

3 

2.54 

2.29 

4 

3.00 

2.37 

5 

3.08 

2.45 

6 

3.12 

2.33 

7 

3.22 

2.00 

8 

3.25 

1.90 

ent  7,  ] 

Slarch  5t,h,  1888.- 

—Length 

of  mascle  t 

'  mm. 

Temperature  23-23J'' 

c. 

Nnmber. 

Time. 

Meters  per  seoond. 

1 

2.40 

2.00 

2 

2.46 

1.96 

3 

2.50 

1.81 

4 

2.55 

1.81 

5 

3.18 

1.86 

6 

3.21 

1.81 

7 

8.25 

1.78 
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Experiment  8,  March  6th,  1888. — Length  of  mnsele  ft7  mm. 
Temperatare  24-24^. 

Heten  per  teoond. 

2.53 

2.07 
2.07 
2.07 
2.15 
1.81 

Experiment  11,  March  9th,  1888. — Length  of  muscle  57  mm. 
Temperature  22i-24i. 


Number. 
1 

Time. 
3.40 

2 

3.45 

3 

3.48 

4 

3.50 

5 

3.65 

6 

3.57 

umber. 

1 

2 

Time. 

10.15 
10.21 

Meters  per  leoond 
2.18 
2.10 

3 

10.25 

1.78 

4 

10.29 

1.78 

5 

10.32 

1.43 

6 

10.35 

1.45 

7 

10.38 

1.41 

8 

10.40 

1.47 

These  results  show  that  the  rate  of  the  wave  of  contraction  is 
quite  constant  in  terrapin  muscle,  the  maximum  value  observed 
being  2.62  and  the  minimum  2.00  meters  per  second.  It  will  be 
noted,  however,  that  in  the  experiments  in  which  the  rate  found 
is  highest,  the  temperature  was  somewhat  higher.  If  this  could 
have  been  more  accurately  controlled,  the  results  of  different 
experiments  would  undoubtedly  have  agreed  more  closely.  It 
sometimes  happened  that  the  second  determination  would  give  a 
higher  rate  than  the  first.  This  was  in  all  probability  due  simply 
to  the  fact  that  the  muscle  had  not  assumed  the  room  temperature 
when  the  first  measurement  was  made.  Aeby  found  that  the 
rate  diminished  very  rapidly.^  To  give  a  few  examples,  he  found 
that  in  one  case  the  rate  fell  from  1.209  to  .661  meter  in  33 
minutes.  In  another  case  it  fell  from  1.596  to  .942  meter  in  28 
minutes. 

In  my  results  the  same  general  condition  is  observed,  but  the 
decrease  in  rate  is  not  nearly  so  rapid.    In  one  case  a  velocity  of 

U.  c.  p.  41. 
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.91   meter  was  obeerved  in   a  muscle  excised  for    3^  hours, 
although  not  stimalated  very  frequently  during  that  period. 

Some  interesting  relations  are  found  to  exist  with  regard  to 
the  manner  of  applying  the  stimulus,  von  Bezold's  experiment 
has  been  already  described  (p.  134).  The  conclusion  which  he 
drew  was  that  in  the  intra-polar  region  the  stimulus  started 
at  one  pole  and  passed  on  to  the  other.  Aeby  varied  this  by 
placing  the  muscle  on  a  horizontal  surface  with  two  levers  resting 
upon  it,  and  stimulating  from  end  to  end.^  He  found  that  wfutt- 
ever  the  strength  of  (yu/rr&rvt^  both  levers  rose  simultaneously; 
hence  he  concluded  that  while  one  pole  might  be  in  a  state  of 
greater  excitement  than  the  other,*  the  whole  intra-polar  region 
was  stimulated  at  the  same  time.  In  these  two  experiments  the 
constant  current  was  employed.  Bernstein  stated  that  the  same 
was  true  when  induction  shocks  were  used.  He  showed  this  in 
two  ways :  first,  he  stimulated  the  muscle  at  the  far  end  twice  in 
succession,  but  with  the  current  in  opposite  directions.  The  two 
tracings  agreed  perfectly,  showing  that  in  both  cases  the  wave 
started  from  the  same  point.  Second,  he  stimulated  from  end  to 
end,  and  found  that  the  lever  rose  at  the  same  time  whether  the 
cathode  was  immediately  under  the  lever  or  at  the  opposite  end 
of  the  muscle. 

This  latter  result  I  am  unable  to  confirm.     If  the  intra-polar 

region  is  very  long  (65  mm.  was  the  actual  distance),  the  lever 

always  rose  sooner  when  the  cathode  was  immediately  under  the 

lever  than  when  it  was  at  the  other  end  of  the  muscle.     If  the 

shocks  be  made  very  strong  this  relation  will  not  be  found,  but 

the  two  curves  will  be  identical.    Kadiation  of  current  under 

these  circumstances  is  certain,  for  to  make  the  curves  coincide, 

one  must  use  stimuli  vastly  stronger  than  could  with  safety  be 

employed  in  ordinary  determinations  of  the  velocity  of  the  con- 

^      traction  wave.     Under  these  circumstances,  then,  we  must  con- 

Zi     elude  that  the  stimulus  starts  from  the  cathode  when  induction 

^     shocks  are  used,  and  passes  to  the  anode,  but  that  its  rate  is 

I      vastly  greater  than  in  the  extra-polar  region. 

_c*        In  Plate  XI,  Fig.  7,  is  shown  the  graphic  record  of  an  experi- 

v.* 

^  *  L  0.  p.  59. 

'  Die  Beiznng  der  quergestreiften  Moskelfaser  duroh  Kettenstrome.  Arch, 
fixr  Anat  and  Phys.  1867,  p.  710. 
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ment  of  this  kind,  from  which  it  appears  that  the  titne  taken 
in  traversing  65  mm.  of  intra-polar  region  is  about  .005  sec.,  cor- 
responding to  a  rate  of  13  meters  per  sec.  This  is  very  constant 
in  different  experiments. 

In  one  more  particular  I  am  unable  to  confirm  Aeby's  results. 
Aeby  states  that  the  amount  of  load  which  the  muscle  carries 
has  but  slight  effect  upon  the  velocity  of  the  wave.  He  gives 
the  following  figures  for  frog  muscle:  1.264  with  5  grams  load, 
1.849  with  35,  and  1.321  with  100.^ 

In  Plate  XII,  Fig.  8,  is  shown  a  series  of  tracings  in  which  the 
muscle  was  loaded  alternately  with  6  and  75  grams.  From  this 
it  follows  that  the  effect  of  a  heavy  load  is  to  greatly  increase  the 
velocity  of  the  wave,  and  very  often  indeed  there  is  no  wave.  In 
another  experiment,  in  which  the  muscle  was  not  perfectly  fresh, 
I  find  the  rate  1.5  meters  with  5  grams  load,  2.1  with  25  grams, 
9.2  with  50  grams.  With  75  grams  there  was  usually  almost  per- 
fect coincidence  of  the  two  curves,  but  results  gotten  with  heavy 
loads  were  always  somewhat  irregular,  owing  to  the  more  pro- 
found changes  in  the  muscle  substance.  The  actual  time  inter- 
vening between  stimulation  and  the  raising  of  the  load  may  be 
just  as  great  as  when  the  load  is  lighter,  but  the  difference  is 
in  the  latent  period.     This  is  very  greatly  prolonged. 

The  velocity  of  the  wave  of  contraction  then  is  greatly  increased 
when  the  muscle  is  under  considerable  tension,  and  often  there 
is  no  wave  at  all.  The  contraction  does  not  begin  until  the 
muscle  has  gathered  up  sufficient  energy  to  move  the  load,  and 
then  either  the  wave  begins  at  the  point  of  stimulation  and 
travels  along  the  muscle  at  a  very  rapid  rate,  or  the  whole  muscle 
is  simultaneously  excited. 

DESCRIPTION  OF  PLATES. 

Plate  X. — Interrupter  used  in  experiments  on  tetanus. 

Plate  XL — Fig.  1.    Key  J  of  Plate  X,  front  and  side  views. 

Fio.  2.  Becording  apparatus,  ttz,  connection  with  muscle,  a, 
writing  point. 

Fia.  3.  Sectional  view  of  metal  cylinder  used  as  moist  chamber, 
showing  arrangement  of  muscle,  electrodes,  etc. 

'  UntersuchungeQ  iiber  die  Fortpflanzungsgesohwiadigkeit,  etc.,  p.  40. 
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Fig.  4.  Modification  of  Helmholtz  "  frog-interrnptor  "  for  deter- 
mining the  yelocity  of  the  contraction  waye. 

Plate  XII. — Fig.  1.  Tetanic  curve  from  terrapin  mnscle  at  4° 
C.  The  middle  line  was  produced  by  a  tuning  fork  making  50 
double  vibrations  per  second.  The  lower  line  shows  the  rate  of 
stimulation,  which  in  this  case  is  slightly  less  than  1  opening  shock 
per  second. 

Fig.  2.  Tetanic  curve  from  sartorius  of  frog  at  25i®  C.  35  opening 
shocks  per  second. 

Fig.  3.  Tetanic  curve  from  gastrocnemius  of  frog  at  25}°  C,  pro- 
duced by  37  stimuli  per  second.  The  two  lower  lines  are  omitted 
from  this  and  succeeding  curves  for  lack  of  space. 

Fig.  4.  Tetanic  curve  from  terrapin  muscle  at  28°  C.  34  stimuli 
per  second. 

Figs.  5  and  6.  Tetanic  curves  from  terrapin  muscle  stimulated 
with  very  weak  induction  shocks.  Curve  5  was  produced  by  8} 
stimuli  per  second;  curve  6  by  13.  The  shocks  were  weaker  in  the 
latter  case.  The  stimulation  lasted  longer  than  one  revolution  of  the 
drum.    The  irregularity  at  h  is  owing  to  the  drum  being  lowered. 

Fig.  7.  Portion  of  a  tracing  taken  on  a  myograph  plate,  showing 
the  rate  of  the  contraction  wave  in  the  intra-polar  region.  The 
writing  point  leaves  the  base  line  sooner  when  the  cathode  is  under 
the  contact  lever  than  when  the  electrodes  are  reversed. 

Fig.  8.  Ejffect  of  heavy  loads  on  the  velocity  of  the  contraction 
wave.  The  muscle  was  loaded  alternately  with  5  and  75  grams  (see 
page  144). 
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The  Life  History  of 
EFENTHESIS  MoCBADTI  (n.  ap.).    By  W.  K.  BROOKS. 

With  Platea  XIII,  XIV,  XV. 

In  June,  1887,  I  found  at  Nassau,  N.  P.,  in  the  Bahama 
Islands,  a  few  specimens  of  a  hydro>medusa  belonging  to  the 
family  Eucopidae  {Haecket)^  bearing  upon  each  one  of  its  four 
reproductive  organs  a  number  of  hydroid  blastostyles  from  which 
young  medusae  are  produced  by  budding ;  a  method  of  repro- 
duction which  has  no  exact  parallel  among  the  hydroids  nor,  so 
far  as  I  am  aware,  anywhere  else  in  the  animal  kingdom;  for 
the  production,  by  a  medusa,  of  blastostyles  which  are  morpho- 
logically equivalent  to  hydras,  is  a  reversion,  through  asexual 
reproduction,  to  a  past  larval  stage;  a  phenomenon  which  is 
thoroughly  anomalous  and  exceptional. 

In  their  endless  diversity  the  hydro-medusae  present  nearly 
all  imaginable  permutations  and  combinations,  but  in  all  cases  the 
life  history  of  each  species  from  the  egg  to  the  second  generation 
of  eggs  is  a  history  of  development  and  progression.  Hydroids 
like  Eudendrium  which  bud  off  other  hydroids ;  those  like  Pod- 
ocoryne  which  bud  off  medusae,  and  medusae  like  Sarsia  which 
bud  off  medusae,  are  all  common  and  well  known,  but,  so  far  as 
I  am  aware,  no  one  has  ever  recorded,  either  in  this  group  or  any- 
where else  in  the  animal  kingdom,  the  occurrence  of  buds  which, 
like  egg-embryos,  recapitulate,  in  their  own  ontogenetic  devel- 
opment, larval  stages  which  their  parent  has  already  passed. 

As  I  have  already  pointed  out  in  a  short  preliminary  paper, ^ 
the  Nassau  medusa  is  an  exception  to  this  general  rule  or  law  of 
reproduction,  and  I  am  now  able  to  supplement  this  short  notice 
by  a  more  detailed  and  fully  illustrated  account  of  its  remarkable 
history.  The  accompanying  drawings  show  clearly  that  the  bodies 
which  are  carried  on  the  reproductive  organs  of  the  medusa  are 
true  blastostyles,  and  that  the  resemblance  is  no  superficial  one  like 

'  **  On  a  new  method  ot  multiplication  in  hydroids,"  University  Circular  Na  63, 
Vol.  VII,  Feb.  1888, 


148  W.  E.  BROOKS. 

that  which  has  been  so  frequently  pointed  out  between  the 
reproductive  organs  of  medusae  and  medusa-buds.  No  one  has 
ever  questioned  the  homology  between  blastostyles  and  hydranths, 
nor,  so  far  as  I  am  aware,  has  any  one  disputed  the  correctness  of 
the  view  which  I  have  discussed  at  length  in  a  paper  on  the  "  Life 
History  of  the  Hydro  Medusae,"  that  the  hydranth  is  essentially 
a  medusa-larva.  We  therefore  have  in  this  case  a  recapitula- 
tion of  larval  stages  without  sexual  reproduction. 

In  my  first  paper  in  the  University  Circular  I  spoke  of  the 
medusa  as  an  Oceania,  since  it  does  belong  to  the  genus  which 
American  zoologists  are  in  the  habit  of  designating  by  this  name, 
although  it  is  necessary  to  point  out  that  it  is  not  an  Oceania  as 
the  word  is  used  by  foreign  writers,  but  an  Epenthesis. 

In  1857  McCrady  established  the  genus  Epenthesis  to  include 
a  new  medusa  of  which  he  had  found,  at  Charleston,  S.  C,  a 
single  specimen  which  he  called  Epenthesis  fdlliata.  He  found 
no  more  specimens,  and  he  gives  no  figures  of  the  species,  but 
his  description  is  so  clear  and  graphic  that  I  have  had  no  diffi- 
culty in  identifying  as  Epenthesis  foUiata  McCr.  a  medusa  which 
is  very  abundant  at  all  stages  of  growth  at  Beaufort,  N.  O. 
Although  no  figure  has  ever  been  published,  my  own  notes  con- 
tain a  series  of  drawings  of  this  species,  showing  the  hydra,  the 
blastostyle,  the  medusa  when  just  set  free,  and  many  stages  in 
its  growth.  The  Nassau  species  is  so  very  similar  at  all  stages  in 
its  life  to  the  Beaufort  E.folliata  that  I  do  not  hesitate  to  place 
it  in  the  same  genus.  It  presents  certain  differences  which  are 
usually  regarded  as  of  generic  value,  but  as  the  Beaufort  species 
is  highly  variable,  and  often  varies  in  the  features  of  difference 
from  the  Nassau  species,  it  does  not  seem  advisable  to  create  a 
new  genus  for  it. 

As  a  slight  tribute  to  the  memory  of  my  instructor.  Professor 
McCrady,  who  established  the  genus  Epenthesis,  I  propose  for 
this  remarkable  species  the  specific  name  McCradyi. 

At  Nassau  in  1887,  and  at  Green  Turtle  in  1886, 1  found  great 
numbers  of  small  medusae  ranging  in  size  from  about  one  twenty- 
fifth  of  an  inch  up  to  about  one  third  of  an  inch,  or  a  little  less 
than  the  ones  which  carried  blastostyles,  these  being  nearly  half 
an  inch  in  diameter.  The  smaller  medusae  were  like  the  large 
ones  in  every  respect  except  that  they  had  no  blastostyles,  and 


EPENTHE8I8  McCRADTI  (n.  «p.).  149 

they  were  very  abundant,  while  only  a  few  of  the  larger  ones 
were  found.  There  can  be  little  doubt  as  to  their  identity,  and 
it  is  probable  that  the  smaller  medusae  are  set  free  from  hydranths 
in  shallow  water  near  shore,  and  are  swept  out  to  sea  and  scattered 
before  they  become  fully  grown  and  give  rise  to  blastostyles. 

On  the  algae  in  the  harbors  of  Green  Turtle  and  Nassau  I 
found  in  great  abundance  a  small  campanularian  hydroid,  ex- 
tremely like  the  one  from  which  I  reared  Epenthesis  folliaia  at 
Beaufort.  When  kept  in  aquaria  these  set  free  hundreds  of 
medusae  like  the  smallest  ones  which  were  ca]>tured  at  the 
surface,  and  while  it  is  well  known  that  the  young  medusae  of 
various  species  of  this  family  are  often  so  much  alike  that  their 
identification  is  a  difficult  and  perplexing  task,  there  can  be  little 
doubt  that  the  hydroid  is  the  larva  of  the  medusae  which  were 
taken  in  the  tow  net. 

EPENTHESIS  MoCKADYI  (n.  sp.). 
(Plates  XIII,  XIV.) 

Species  Diagnosis. — Bell  shallow,  less  than  half  as  high  as 
broad.  Stomach  very  short,  less  than  one  eighth  as  long  as  the 
diameter  of  the  bell,  quadrate,  with  four  simple,  slightly  recurved 
lips.  Keproductive  organs  short,  oval,  about  midway  between 
the  axis  and  the  bell  margin.  Sixteen  very  long  elastic  tentacles, 
many  times  as  long  as  the  diameter  of  the  bell,  with  enlarged  hol- 
low basal  bulbs.  Marginal  vesicles  varying  in  number  from  eight 
to  sixteen,  with  a  single  osicle  in  each. 

Ontogeny. — Larva  a  campanularian  hydroid.  Hydranths  in 
cups  with  about  twelve  marginal  teeth,  on  the  ends  of  short 
erect  slightly  annulated  unbranched  stems  from  a  creeping  root. 
Blastostyles  nearly  sessile  on  root,  in  short  annulated  gonangia 
which  are  flattened  distally.  Each  blastostyle  carries  three  or 
four  medusa  buds  which  are  set  free  in  succession,  the  distal  one 
being  oldest.  Medusa  when  set  free  nearly  hemispherical,  with 
four,  sometimes  eight,  tentacles  and  eight  marginal  vesicles. 
Adult  medusa  nearly  flat,  with  sixteen  tentacles ;  with  hydroid 
blastostyles  in  chitinous  capsules  on  reproductive  organs. 

Size. — Fully  grown  medusa  half  an  inch  in  diameter.  Young 
medusa,  when  set  free,  about  one  forty-fifth  of  an  inch  in  diameter. 
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Zocality.—  'RydToi6&  and  young  medusae  abundant  in  Nassau 
and  Green  Turtle  harbors,  Bahama  Islands.  A  few  specimens 
of  the  adult  medusa  found  at  Nassau  in  June,  1887. 

Special  Description. — Epenthesis  folliaia  has  sixteen  marginal 
vesicles  alternating  with  the  sixteen  tentacles,  and  Haeckel 
regards  this  number  as  diagnostic  of  the  genus,  but  as  I  have 
found  at  Beaufort  that  this  species  is  extremely  variable,  some- 
times having  three  or  two  reproductive  organs,  and  radial  tabes, 
and  occasionally  having  two  stomachs  and  mouths,  there  is  no 
reason  why  the  marginal  vesicles  should  be  any  more  constant 
One  specimen  oi  E,  McCradyi  had  sixteen,  alternating  with  the 
sixteen  tentacles,  and  it  was  therefore  an  Epen thesis  according  to 
Haeckel's  definition,  although  all  the'  other  adult  specimens  had, 
like  the  young,  only  eight,  one  on  each  side  of  the  bulb  of  each 
inter-radial  tentacle. 

The  species  is  easily  distinguishable  from  E.  folliata  by  the 
position  of  the  reproductive  organs.  These  are  near  the  bell 
margin  in  E,  folliata^  and  about  halfway  between  it  and  the  axis 
in  E.  McCradyi.  The  hydranths  of  E.  folliata  are  borne  on 
branching  stems,  while  all  those  which  I  found  at  Nassau  were 
terminal  on  erect  unbranched  stems.  This  is,  however,  a  point 
of  little  value,  for  the  stems  of  young  colonies  of  the  hydroid  of 
E.  folliata  are'also  unbranched,  and  under  favorable  conditions 
for  growth  it  is  quite  possible  that  the  hydroid  of  E.  McCradyi 
may  also  branch. 

The  reproductive  calycles  of  E.  folliata  are  not  annulated,  and 
they  are  elongated  in  cross  section  so  that  they  have  two  broad 
and  two  narrow  surfaces.  Those  which  are  carried  by  the  medusa 
oi  E.  McCradyi  resemble  in  these  respects  those  which  are  found 
on  the  hydroid  community  of  E.  foUiata^  while  those  on  the 
hydroid  of  E.  McCradyi  are  annulated  and  are  circular  in  cross 
section. 

The  lower  figure  in  Plate  XIV  shows  the  hydranth  and  repro- 
ductive calycle  of  E.  McCradyi.  The  upper  figure  in  the  same 
plate  was  drawn  from  a  medusa  which  I  reared  in  an  aquarium 
from  the  hydroid  from  which  the  lower  figure  was  drawn.  The 
upper  figure  in  Plate  XIII  is  an  oral  view  of  the  same  medusa,  and 
the  lower  figure  in  Plate  XIII  represents  an  oral  view  of  one  radial 
canal  and  about  one  fourth  of  the  bell  margin  of  an  adult  male 
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medusa,  one  half  inch  in  diameter,  with  four  blastostyles.  At 
the  time  of  its  escape  from  the  hjdroid  gonangiam  the  medusa 
has  a  deep  hemispherical  bell  aboat  one  forty-fifth  of  an  inch  in 
diameter,  four  fully  developed  radial  tentacles,  and  four  inter- 
radial  tentacles  which  are  sometimes  rudimentary,  sometimes 
fully  developed  at  this  age.  On  each  side  of  the  base  of  each 
inter-radial  tentacle,  and  much  nearer  to  it  than  to  the  radial 
tentacle,  there  is  a  marginal  vesicle  with  a  single  osicle,  or  eight 
marginal  vesicles  in  all. 

Three  days  after  it  is  set  free  the  medusa,  shown  in  oral  view 
in  Plate  XIII  and  in  profile  in  Plate  XIY,  has  eight  fully  devel- 
oped tentacles,  the  bell  has  become  shallow,  and  traces  of  the 
reproductive  organs  have  made  their  appearance  on  the  radial 
canals.  The  older  medusae  are  still  more  flattened  and  they  have 
sixteen  tentacles. 

The  reproductive  calycles  of  the  medusae  are  not  annulated, 
they  are  slightly  curved,  and  they  are  much  wider  in  profile 
view  than  they  are  in  symmetrical  view.  Their  distal  ends  are 
flattened.  Each  blastostyle,  like  those  in  the  hydroid  colony, 
carries  threeorfour  medusa  buds,  which  escape  in  succession.  When 
set  free  the  medusae  are  like  those  which  are  set  free  from  the 
hydroid  colony.  All  the  medusae  which  I  found  with  blasto- 
styles were  males. 

The  Stbuotubb  and  Origin  of  the  Blastostyles  of 

Epenthesis  MoCbadyi. 

• 

I  shall  show  in  the  sequel  that  the  genus  Epenthesis  presents 
other  interesting  anomalies  in  asexual  multiplication,  and  this 
fact  gives  a  peculiar  interest  to  this  species.  I  have  therefore 
made  a  careful  study  of  the  Nassau  specimens  by  sections,  and 
Plate  XIV  gives  the  details  of  the  structure  and  growth  of  the 
blastostyle  so  far  as  it  is  shown  by  my  material. 

The  topography  of  all  the  figures  will  be  intelligible  by  com- 
parison with  Figure  1,  in  which  a  is  the  gelatinous  umbrella  of 
the  medusa,  b  the  sub-umbrella,  c  the  cavity  of  the  sub-umbrella, 
e  the  reproductive  organ  of  the  medusa,  d  the  cavity  of  the  radial 
canal,  k  the  stomach  of  the  blastostyle,  and  i  its  chitinous 
perisarc. 

When  I  examined  the  living  medusae  at  Nassau  I  thought  that 
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the  blastoBtyles  preserved  the  continuity  of  the  parental  germ  layers, 
and  that  their  stomachs  and  those  of  the  bndding  medusae  were 
diverticula  from  that  of  the  parent  medusa,  communicating  with 
the  radial  canal  and  ultimately  with  the  stomach  through  the 
cavity  of  the  stem.  This  rule  holds,  as  is  well  known,  in  all  other 
examples  of  budding  in  the  coelenterates,  but  the  sections  show 
that  Epenthesis  is  an  exception,  and  that  the  digestive  cavity  of 
the  blastostyle  is  a  new  and  independent  chamber,  without  either 
direct  or  indirect  communication  with  the  exterior. 

Figure  1  shows  that  while  the  ectoderm  of  the  blastostyle  is 
continuous  with  that  of  the  reproductive  organ  of  the  medusa,  the 
endoderm  is  not ;  and  the  food  which  is  contained  in  the  stomach 
of  the  blastostyle  is  not  derived  from  the  parent  stomach,  but  from 
the  tissue  of  its  reproductive  organ,  upon  which  the  blastostyle 
is  a  parasite. 

This  peculiar  condition  of  things  is  shown  in  Figure  1,  which 
passes  through  the  axis  of  a  young  blastostyle  of  about  the  same 
age  and  size  as  the  smallest  of  those  which  are  shown  in  Plate 
XIII.  In  Figure  1,  as  in  all  the  other  figures,  a  is  the  gelatinous 
substance  of  the  umbrella ;  h  is  the  ectodermal  epithelium  of  the 
sub-umbrella ;  d  is  the  radial  canal  of  the  medusa,  and  e  is  the 
reproductive  organ.  At  the  base  of  the  blastostyle  its  ectoderm 
I  is  reflected  out  on  to  the  reproductive  organ,  and  is  directly 
continuous  with  the  ectoderm  of  the  medusa,  c,  of  Figure  1,/"  of 
figures  2,  3  and  4.  The  endoderm  m  of  the  blastostyle  sepa- 
rates from  the  ectoderm  at  its  base,  and  penetrates  the  substance 
of  the  reproductive  organ,  where  it  forms  a  system  of  branching 
tubes  nnuj  which  are  nowhere  continuous  with  the  endoderm  h 
of  the  medusa.     , 

The  Blastostyle. — The  body  of  the  blastostyle  is  divided  into 
four  regions :  1st,  the  system  of  branching  tubes  nnn\  2d,  an 
enlarged  thick- walled  stomach,  h ;  3d,  an  elongated  thin-walled 
"  neck,"  and  4th,  an  enlarged  knob-like  "  head."  Of  these  four 
regions,  all  except  the  first  are  enclosed  in  a  chitinous  gonangium 
i,  which  is  in  close  contact  with  the  ectoderm  of  the  head,  widely 
separated  from  the  neck,  and  in  contact  again  with  the  ectoderm 
of  the  stomach  Jc.  At  the  point  where  the  blastostyle  joins  the 
reproductive  organ  the  chitinous  perisarc  fits  into  a  deep  circular 
furrow,  in  which  it  ends  abruptly,  so  that  no  part  of  the  ectoderm 
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of  the  medusa  has  a  chitinons  cover.  The  ectoderm  of  the  stomach 
forms,  like  that  of  the  reprodactive  organ,  a  columnar  epithelium, 
and  from  the  outer  surface  of  the  collar  which  is  thus  formed 
around  the  blastostyle,  the  perisarc,  i,  is  excreted.  The  ectoderm 
of  the  "neck"  forms  a  thin  layer  of  flattened  cells,  each  with  a 
central  thickening  around  the  nucleus,  and  a  very  thin  peripheral 
area.  In  this  region  of  the  body  there  are  no  cell  outlines,  but 
the  protoplasm  of  adjacent  <;ells  is  continuous.  In  the  region  of 
the  "head"  the  ectoderm  abruptly  changes  its  character  com- 
pletely. Here  the  cells  of  both  layers  are  "  chorda  cells  "  with  a 
sharply  defined,  double  contoured  cell  wall,  enclosing  a  spacious 
cavity,  inside  which  the  nucleus,  imbedded  in  a  protoplasmic  cap- 
sule, is  suspended  by  a  reticulum  of  fine  radiating  protoplasmic 
threads. 

The  ectoderm  of  the  reproductive  organ  is  columnar  and  veiy 
similar  to  that  which  lies  on  the  base  of  the  blastostyle,  and 
except  for  the  deep  furrow  which  is  occupied  by  the  free  or  growing 
edge  of  the  perisarc  there  is  no  change  in  the  character  of  the  ecto- 
derm to  mark  the  place  where  the  blastostyle  ends  and  the  medusa 
begins.  The  surface  of  the  reproductive  organ  has  thickened 
ectodermal  areas  or  ridges  when  this  layer  is  more  than  one  cell 
thick,  but  it  will  be  seen  by  an  examination  of  Figure  3  or 
Figure  1  that  there  is  no  constant  relation  between  these  ridges 
and  the  blastostyles.  At  the  base  of  the  reproductive  organ  the 
character  of  the  ectoderm  changes  abruptly,  and  it  is  reflected 
outward  at  an  acute  angle  to  form  the  flattened  epithelium  of  the 
Bub-umbrella  (Figs.  1  and  3  i\  which  is  made  up  of  cells  like  those 
which  compose  the  epithelium  of  the  "  neck  "  of  the  blastostyle. 

The  Endoderm. — In  the  head  the  endoderm  consists  of 
"chorda  cells*'  like  those  of  the  ectoderm,  except  that  the  pro- 
toplasm contains  small  spherical  particles  which  grow  more 
numerous  near  the  neck,  within  which  they  become  so  numerous 
as  to  completely  fill  the  cells.  These  bodies  are  not  algae  but  food 
particles,  and  in  some  of  the  sections  similar  particles  were  found 
in  the  cavity  of  the  head,  together  with  very  small  granules  as 
well  as  swollen  and  disintegrated  cells  and  nuclei.  In  the 
stomach  k  of  the  blastostyle  the  endoderm  cells  are  more 
columnar  than  they  are  in  the  neck,  and  they  are  quite  similar  in 
appearance  to  the  endodermal  lining,  A,  of  the  radial  canal,  d^  of 
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the  medusa.  The  nuclei,  which  are  hidden  in  the  neck  by  the 
opaque  granular  matter,  are  easily  visible  in  the  stomach,  where 
they  occupy  the  central  or  free  ends  of  the  cells.  The  peripheral 
ends  are  vacuolated  and  the  vacuoles  obscure  the  cell  outlines, 
which  are  quite  distinct  at  the  central  ends.  Some  of  the  vacuoles 
are  clear  and  transparent,  while  others  contain  food  particles  sur- 
rounded by  clear  spaces.  The  endoderm  cells  of  this  region,  like 
those  of  the  neck,  are  very  granular,  and  are  packed  with 
opaque  particles  ranging  in  size  from  the  finest  granules  up  to 
bodies  about  as  large  as  the  nucleus  of  the  cell.  As  the  endo- 
dermal  tube  leaves  the  body  of  the  blastostyle  and  penetrates 
the  substance  of  the  reproductive  organ  of  the  medusa  the 
cells  become  smaller,  much  more  sharply  defined,  and  the  dark 
bodies,  vacuoles  and  granules  gradually  disappear  until  at  last 
the  cells  become  perfectly  transparent  as  shown  at  n. 

In  the  substance  of  the  reproductive  organ  the  digestive  cavity, 
which  is  constricted  to  a  small  tube  at  the  base  of  the  blastostyle, 
enlarges  to  form  a  chamber  from  which  tubular  endodermal 
roots  are  given  ofll  These  root-tubes,  in  some  of  the  sections, 
contain  more  or  less  disintegrated  cells  and  nuclei  and  granular 
matter,  and  if  a  root  is  traced  through  a  series  of  sections  it  will 
at  last  be  found  to  split  along  one  side  and  to  open  out  as  shown 
in  Fig.  2,  ti,  in  such  a  way  that  the  central  cavity — a  diverti- 
culum from  the  digestive  cavity  of  the  blastostyle — is  covered  on 
one  side  by  the  endoderm  of  the  blastostyle  and  on  the  other  by 
the  tissue  of  the  reproductive  organ  of  the  medusa.  At  these 
points  the  tissue  of  the  reproductive  organ  undergoes  degenera- 
tion ;  the  outlines  of  the  cells  become  indistinct  and  the  cells 
themselves  become  detached  and  pass  into  the  cavity,  where  they 
gradually  break  up  into  granular  matter  and  detached  nuclei, 
like  those  which  are  found  in  the  vacuolated  endoderm  cells  of 
the  stomach  and  neck  of  the  blastostyle.  Figures  1  and  2  repre- 
sent two  parallel  sections  from  the  same  specimen,  separated  from 
each  other  by  six  intervening  sections.  The  two  tubes  which  are 
distinct  from  each  other  in  the  upper  part  of  Fig.  1,  have  united 
in  Fig.  2  to  form  the  large  chamber,  which  is  incomplete,  or  open 
along  its  central  side,  where  its  wall  is  formed  by  the  degenerating 
cells  of  the  reproductive  organ.  In  the  next  section  from  the 
the  same  specimen  the  endoderm  of  the  wall  of  the  tube  merges 
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with  the  cells  of  the  reproductive  organ  and  disappears,  while  in 
sections  on  the  other  side  of  the  one  from  which  Fig.  1  was 
drawn,  the  lower  one  of  the  two  tabes  shown  in  this  figure  com- 
municates with  the  endodermal  chamber  at  the  base  of  the 
blastostyle.  None  of  the  sections  showed  any  connection  between 
the  endoderm  of  the  medusa  and  that  of  tlie  blastostyle,  and  the 
food  found  in  the  latter  is  entirely  derived  from  the  substance  of 
the  reproductive  organ  upon  which  it  subsists  as  a  parasite. 

The  radial  canal  of  the  medusa  is  dilated  in  the  reproductive 
organ  to  form  a  capacious  pouch,  d^  figures  1,  2,  3  and  4,  the 
walls  of  which  are  made  up  of  a  single  layer  of  endoderm  cells 
similar  to  but  somewhat  larger  than  those  which  form  the  stomach 
of  the  blastostyle.  The  central  chamber  was  empty  in  all  the 
sections,  but  all  the  endoderm  cells,  except  those  which  form  the 
roof  of  the  aboral  end,  are  much  vacuolated  and  granular.  The 
peripheral  ends  of  the  cells  are  so  honeycombed  by  the  vacuoles 
that  they  are  reduced  to  a  network  of  protoplasmic  threads  with 
no  cell  outlines.  The  deep-seated  vacuoles  are  filled  with  a  clear 
fluid,  but  most  of  those  near  the  free  ends  of  the  cells  contain 
foreign  bodies. 

The  Supporting  Layer. — The  ectoderm  of  the  reproductive 
organ  of  the  medusa  is  bounded  internally  by  a  well  defined 
supporting  layer  which  lies  between  it  and  the  substance  of  the 
reproductive  organ.  At  the  point  where  the  latter  is  suspended 
from  the  umbrella  the  supporting  layer  divides  into  two  portions, 
of  which  one  bends  outward  at  an  acute  angle  to  form  the  sup- 
porting layer  of  the  sub-umbrella,  while  the  other  forms  a  thin 
stratum  between  the  gelatinous  substance  of  the  umbrella  and 
the  endodermal  roof  of  the  radial  canal.  This  latter  is  the  only 
portion  of  the  endoderm  of  the  reproductive  organ  which  is 
directly  bounded  by  a  supporting  layer. 

The  ectoderm  of  the  blastostyle  is  separated  from  the  endoderm 
by  a  supporting  layer  which  is  easily  seen  in  all  parts  of  the 
blastostyle.  At  its  base  it  divides  into  two  portions,  of  which 
one  is  continuous  with  that  which  lies  between  the  ectoderm  of 
the  medusa  and  the  reproductive  tissue,  while  the  other  forms  a 
basement  membrane  for  the  cells  of  the  endodermal  tubes. 

Tlie  Heproducti/oe  Organ, — All  my  specimens  were  males. 
The  reproductive  tissue  which  lies  on  the  inner  or  endodermal 
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side  of  the  supporting  layer  and  is  not  sharply  separated  firoin  the 
endoderm,  consists  of  cells  of  three  kinds :  The  germ  cells,  Fig.  4, 
o,  which  are  probably  of  endodermal  origin ;  the  male  cells, 
Fig.  AjP^  which  are  probably  derived  fit>m  the  lai^er  cells  o,  and 
the  groups  of  cells  shown  at  q  in  Fig.  3.  The  germ  cells  o, 
which  in  all  the  sections  form  the  greater  part  of  the  reproductive 
organ,  are  polygonal  cells,  smaller  than  the  endoderm  cells  bnt 
larger  than  the  ectoderm  cells,  with  large  nndei  suspended 
in  a  protoplasmic  reticalam,  which  also  forms  a  granular  sheath 
around  the  periphery  of  the  cell  by  means  of  which  the  outlines 
of  the  cells  are  marked  out  distinctly,  although  there  are  no  sharp 
lines  of  demarcation  to  separate  adjacent  cells  from  each  other. 
The  use  of  colors  in  the  figures  to  distinguish  the  different  layers 
from  each  other  gives  an  unnatural  sharpness  to  the  line  which 
separates  these  cells  from  the  endoderm.  In  the  specimens  there 
is  no  such  distinction  between  them,  and  while  I  found  in  my 
sections  no  endoderm  cells  undergoing  division,  the  relation  of 
the  cells  to  each  other  seems  to  indicate  that  the  germ  cells  have 
arisen  by  the  division  or  migration  of  the  true  endoderm  cells, 
from  which  they  are  not  separated,  as  they  are  from  the  ectoderm, 
by  a  supporting  layer.  It  is  possible  that  the  primary  germ  cells 
are  derived  from  the  endoderm  at  an  early  stage  in  the  life  of  the 
medusa,  and  that  they  afterwards  multiply  by  division  among 
themselves  without  any  new  addition  from  the  endodermal 
epithelium. 

The  male  cells,  p^  figures  3  and  4,  form  small  groups  or 
clusters  of  very  small  cells  which  are  scattered  among  the  larger 
cells  at  intervals  throughout  the  whole  substance  of  the  repro- 
ductive organ  and  also  between  the  peripheral  ends  of  the 
endoderm  cells.  They  stain  much  more  intensely  than  any  other 
part  of  the  section  and  are  therefore  conspicuous.  Each  group 
consists  of  a  number  of  nuclei,  much  smaller  than  those  of  the 
germ  cells,  packed  close  together  in  an  investing  mass  of  very 
granular  protoplasm  in  which  no  cell  outlines  could  be  made  out. 
Scattered  through  the  substance  of  the  reproductive  organ  near 
its  abaxial  end,  that  is  the  end  nearest  the  bell-margin  or 
farthest  from  the  stomach,  there  are  groups  of  cells,  Fig.  S^q  qq^ 
of  about  the  same  size  as  the  germ  cells,  from  which,  however, 
they  differ  in  several  particulars.    Their  outlines  are  sharply 
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defined,  and  they  are  arranged  side  by  side  in  an  epithelium. 
As  the  cells  themselves  are  wedge-shaped  with  the  broad  end  of 
the  wedge  nearest  the  surface  of  the  reproductive  organ,  the 
epithelium  is  not  flat  but  convex  on  its  outer  surface.  I  found 
one  group  which  consisted  of  only  two  of  these  cells,  and  many 
other  groups  with  three,  four  or  more.  In  the  larger  groups 
there  is  an  empty  space  on  the  central  surface  bounded  inter- 
nally by  the  cells  of  the  reproductive  organ,  and  externally  by 
the  epithelial  cells,  which  are  the  endoderm  celk  of  new  blas- 
tostyles.  As  regards  the  origin  of  these  cells  my  sections  give  no 
decisive  evidence.  They  are  in  all  probability  derived  from  the 
germ  cells,  but  I  have  seen  nothing  to  indicate  whether  each 
group  originates  in  a  single  cell  which  divides  and  thus  builds  up 
the  group,  or  whether  the  group  grows  by  the  addition  of  new 
germ  cells  to  its  edges. 

Metschnickoff  has  recently  described  the  parthenogenetic  mul- 
tiplication of  Cunina  larvae  by  what  he  terms  "  sporogenesis."  In 
Cunina  the  embryonic  germ  cells  of  both  male  and  female  speci- 
mens may  give  rise  by  a  process  of  segmentation  to  an  embryo 
consisting  of  two  germ  layers,  but  before  this  process  of  partheno- 
genetic development  begins,  each  one  of  the  germ  cells  which  is 
destined  to  become  an  embryo  becomes  inclosed  in  another  which 
serves  as  a  nutritive  apparatus.  In  the  case  of  Cunina  we  ha^e,  in 
all  probability,  simply  an  example  of  extremely  precocious  devel- 
opment of  germ  cells  by  the  ordinary  process  of  segmentation, 
and  the  whole  body  of  the  new  organism  is  descended  from  a 
single  germ  cell  just  as  the  body  of  an  ordinary  metazoan  is 
descended  from  a  fertilized  egg. 

It  is  probable  that  Epen thesis  also  is  an  example  of  sporogenesis, 
and  that  the  endodermal  tube  is  derived  from  a  single  cell  by 
segmentation,  but  this  is  certainly  not  true  of  the  ectoderm  of 
the  blastostyle,  and  if  we  have  sporogenesis  at  all  in  Epenthesis 
we  have  it  in  combination  with  budding. 

The  Production  of  New  Blastostylea. — None  of  my  specimens 
furnished  anything  like  young  blastostyles  growing  from  the 
stems  of  older  ones,  nor  have  I  found  any  young  buds  growing 
upon  any  of  the  root-tubes  which  join  the  bodies  of  larger  blas- 
tostyles. So  far  as  the  evidence  of  my  scanty  supply  of  speci- 
mens goes,  each  blastostyle,  with  its  own  system  of  root-tubes,  is 
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quite  iDdependent  of  all  the  others.  It  gives  rise  to  no  buds 
except  those  which  are  to  become  medusae,  and  it  is  itself  formed 
as  an  independent  structure  on  the  reproductive  organ  of  the 
medusa.  A  group  of  cells  like  those  which  are  shown  at  q  in 
Fig.  3  gradually  increases  in  size,  and  its  convex  external  surface 
comes  into  contact  with  the  supporting  layer  of  the  reproductive 
organ,  while  its  concave  central  surface  becomes  hollowed  out, 
thus  giving  rise  to  a  chamber  or  cavity  which  is  bounded  inter- 
nally by  the  tissue  of  the  reproductive  organ.  The  section 
shown  in  Fig.  4  shows  a  young  blastostyle  at  a  somewhat  later 
stage  of  development.  A  bud-like  process  k  grows  out  from  the 
centre  of  the  endodermal  area  to  form  the  endoderm  of  the  blas- 
tostyle, and  carries  with  it  an  investing  layer  of  ectoderm  cells, 
directly  continuous  with  and  at  first  perfectly  similar  to  the  ordi- 
nary ectodermal  epithelium  of  the  reproductive  organ  of  the 
medusa.  Soon,  however,  these  ectoderm  cells  which  enter  into 
the  structure  of  the  bud  excrete  from  their  exposed  ends  a  thin 
transparent  cuticular  layer  filled  with  fine  granules,  and  as  this 
excretion  thickens  and  becomes  free  from  the  ends  of  the  cells  it 
becomes  the  perisarc.  The  endoderm  of  the  blastostyle  is  derived 
from  the  central  cells  of  the  endodermal  area,  while  its  periph- 
eral cells  become  the  root-tubes.  The  digestive  cavity  of  the  blas- 
tostyle is  a  diverticulum  from  the  cavity  shown  in  Fig.  3,  and,  as 
shown  in  Fig.  4,  it,  while  still  very  small,  is  filled  with  the 
detritus  of  the  germ  cells  which  are  set  free  and  disintegrated 
during  its  formation. 

The  origin  of  the  medusa  buds  on  the  blastostyle  presents 
nothing  exceptional.  They  are  formed  as  they  are  in  ordinary 
campanularian  hydroids,  and  there  is  nothing  to  distinguish  them 
from  the  medusa  buds  which  have  been  so  minutely  described  by 
many  writers.  My  series  of  sections  show  them  at  various  ages 
and  in  different  planes,  but  it  did  not  seem  to  be  worth  while  to 
draw  them.  My  material  did  not  enable  me  to  trace  the  origin 
of  the  male  cells  of  the  medusa  buds,  but  as  the  sections  of  all 
the  young  blastostyle  buds  showed  a  group  of  male  cells  lying  in 
contact  with  that  part  of  the  supporting  layer  which  is  subse- 
quently drawn  out  into  the  body  of  the  blastostyle  (see  Figs.  3 
and  4),  it  is  probable  that  some  of  these  cells  migrate,  with  the 
endoderm,  into  the  blastostyle,  and  subsequently  pass  into  the 
medusa  buds. 
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SUMMABY. 

The  medusa  oiEpenthesia  McCradyi  carries  on  its  reproductive 
organs  campannlarian  hjdroid  blastostjles,  inclosed  in  chitinons 
gonangia. 

The  blastostyles  do  not  multiply  by  budding  or  form  hydroid 
cormi,  although  they  produce  medusae  by  budding. 

The  ectoderm  of  the  blastostyle  is  produced  by  ordinary  gem- 
mation, and  it  is  directly  continuous  with  the  ectoderm  of  the 
medusa. 

The  endoderm  of  the  blastostyle  has  no  direct  connection  with 
that  of  the  medusa,  although  the  germ  cells  from  which  it  is 
derived  are  probably  endodermal  in  their  remote  origin.  These 
germ  cells  give  rise  to  the  endoderm  of  the  blastostyle  by  a  pro- 
cess of  specialization  which  is  very  similar  to  what  Metschnickoff 
has  described  in  Ounina  and  has  termed  aporogenesis. 

The  blastostyles  and  medusa  buds  receive  no  food  directly  from 
the  stomach  of  the  medusa,  nor  do  their  stomachs  communicate 
with  any  part  of  its  chymiferous  system.  They  are  parasites 
upon  the  tissue  of  its  reproductive  organ. 

Asexual  Multiplication  in  the  Oenus  Epenthesia, — Medusae 
which  multiply  by  budding  are  by  no  means  uncommon,  and  in 
some  families  nearly  all  the  genera  and  species  are  occasionally 
found  with  buds.  While  proliferous  medusa  are  somewhat  rare 
near  shore  and  in  land-locked  waters,  they  are  familiar  objects  to 
all  naturalists  who  have  studied  the  fauna  of  the  open  ocean, 
and  buds  are  known  to  occur  in  a  large  percentage  of  the  strictly 
pelagic  species  of  hydro-medusae. 

The  Eucopidae,  the  family  to  which  Epenthesis  belongs,  is  not, 
however,  among  those  in  which  proliferous  medusae  are  common, 
for  although  it  is  a  large  family,  including  many  pelagic  species, 
it  is  among  the  few  in  which  budding  is  almost  unknown. 

Eaeckel  says  (System  der  MedusenJ  p.  166)  that  it  has  never 
been  proved  to  occur  in  any  species  of  the  family,  and  that  while 
there  are  on  record  a  few  statements  to  the  effect  that  specimens 
of  medusae  belonging  to  this  family  have  occasionally  been  found 
with  buds  on  the  stomach  or  on  the  radial  canals,  he  believes 
that  these  statements  are  based  upon  untrustworthy  observations 
or  upon  accidental  monstrosities. 
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We  have,  however,  in  Ej^evUhesis  McOradyij  a  medusa  of  this 
family  with  buds,  and  it  is  very  probable  that  another  species, 
E,foUiata^  multiplies  asexually  by  fission;  each  medusa  under- 
going segmentation  into  two,  each  of  which  ultimately  repeats 
the  process. 

Lang  has  recently  published  (Jen.  Zeitschr.  XIX,  IV,  736)  a 
most  interesting  account  of  a  medusa  which  multiplies  by  fission, 
and  also  by  incomplete  fission  ultimately  builds  up  a  complex 
polystomatous  medusoid  cormus.  He  gives  a  minute  account  of 
the  process  of  division  and  illustrates  it  by  a  series  of  drawings 
of  the  successive  stages. 

At  Beaufort  I  have  found  specimens  of  EpentJiesis  foUiata 
which  in  all  essential  particulars  duplicate  Lang's  figures,  and 
my  notes  contain  a  drawing  made  at  Beaufort  in  1881,  or  five 
years  before  his  paper  was  published,  from  a  specimen  almost 
exactly  like  his  Fig.  VIII,  B.  1,  Plate  XXI.  It  has  only  two 
radial  canals,  and  these  meet  at  an  obtuse  angle  in  a  large  stom- 
ach, near  which  on  one  of  the  canals  is  a  much  smaller  stomach 
also  with  a  mouth. 

It  has  more  tentacles  than  the  specimen  which  he  figures,  but 
the  resemblance  is  so  perfect  in  other  respects  that  it  is  clearly 
one  of  the  products  of  an  act  of  fission  like  that  which  he 
describes,  and  we  must  therefore  add  Epenthesis  foUiata  to  the 
list  of  gastroblastic  medusae. 

Many  years  ago  Keferstein  gave  a  figure  (Zeit.  f.  Wiss.  Zool. 
XII,  p.  28,  Taf.  II,  9  and  10)  of  a  medusa  which,  from  the  pos- 
session of  what  he  regarded  as  a  bud  on  the  stomach,  he  called 
Eucope  gemmigera.  Haeckel  has  shown  that  it  is  not  a  Eucope 
at  all,  but  a  representative  of  McCrady's  genus  Epenthesis,  E. 
cymbaloidea  Haeckel. 

In  his  description  Keferstein  says  that  the  continuity  of  both 
the  layers  of  the  bud  with  those  of  the  parent  was  plainly  recog- 
nizable, and  although  Haeckel,  who  has  had  ample  opportunities 
to  study  the  same  species,  confidently  expresses  his  belief  that 
the  body  which  is  shown  in  the  figure  is  not  a  bud  at  all,  and 
that  no  authentic  case  of  budding  is  known  in  the  Eucopidae, 
the  fact  that  Epenthesis  foUiata  is  sometimes  polystomatous 
renders  it  at  least  possible  that  Keferstein  may  have  found  a 
specimen  with  a  second  stomach. 
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There  is  no  reason  for  supposing  that  fission  is  restricted  to  a 
single  genns,  for  if  it  exists  in  one  pelagic  medusa  it  may  also 
occur  in  others,  and  so  far  as  the  genus  Gastroblasta  is  based 
npon  this  characteristic  there  is  no  reason  for  recognizing  it.  I 
think,  however,  that  the  study  of  Lang's  figures  will  show  that 
his  species,  Gastroblasta Haffadii^  may  possibly  be  an  Epenthesis, 
for  although  no  other  species  of  the  genus  is  known  to  possess 
centripetal  canals  or  more  than  sixteen  tentacles,  the  replace- 
ment of  canals  by  centripetal  growth  from  the  radial  canal  is 
obviously  an  adaptation  which  has  been  acquired  to  meet  the 
conditions  which  result  from  fission,  and  the  normal  or  typical 
Gastroblasta  Raffaelii  would  seem,  from  Lang's  account  and 
figures,  to  be  a  medusa  with  four  radial  canals  and  sixteen  ten- 
tacles, alternating  with  sixteen  sense  organs ;  that  is,  an  Epen- 
thesis. 

As  regards  its  habits,  its  rapacity,  its  mode  of  locomotion  and 
its  tendency  to  roll  together  along  one  diameter,  Lang's  descrip- 
tion would  perfectly  fit  Epenthesis  folliata;  and  while  he  gives 
no  figure  of  a  form  with  sixteen  tentacles,  the  diagram  which  he 
gives  in  Fig.  1  of  Plate  XXI  as  the  imaginary  type  for  his 
species  is  in  all  particulars  a  young  Epenthesis,  and  if  the  num- 
ber of  tentacles  and  sense  organs  in  this  diagram  were  doubled 
we  should  have  a  perfect  Epenthesis  as  the  genus  is  defined  by 
Haeckel  and  McCrady. 

It  is  difficult  to  decide  whether  Keller's  Oast/robUbsta  timida 
(Zeit.  f.  Wiss,  Zool.  XXXVIII,  622,  Taf  XXXV,  Figs.  1-5) 
belongs  to  the  same  genns  or  not.  Assuredly  no  Epenthesis  has 
endodermal  sense  organs,  and  Keller's  figures  do  not  suggest 
Epenthesis,  but  except  for  his  statement  to  the  eflfect  that  the 
sense  organs  are  endodermal,  and  also  except  for  the  great 
number  of  tentacles,  his  description  would  apply  very  well  to 
Epenthesis. 

Our  knowledge  of  the  transformations  which  are  undergone 
by  those  medusae  which  are  swept  out  to  sea  and  drift  among 
limitless  supplies  of  food  for  from  land  or  from  any  resting  place 
for  hydroids  is  very  fragmentary  indeed,  and  we  know  barely 
enough  to  be  confident  that  under  these  conditions  many  of  them 
increase  and  multiply  asexually,  and  continue  to  perpetuate  the 
species  without  the  intervention  of  a  sessile  hydroid  stage.     We 
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know  that  in  many  species  this  pelagic  life  is  most  important, 
although  the  study  of  the  complications  which  are  introduced 
into  the  life  history  of  the  species  during  this  stage  is  at  present 
an  unworked  field.  Those  specimens  oi Ep&ntheaia  folliata  which 
are  carried  out  into  the  ocean  probably  multiply  by  fission.  It 
is  not  improbable  that  Oast/rdbldsta  Eaffdelvi  is  also  an  Epen thesis 
which  in  addition  to  this  power  is  also  able  to  build  up,  by 
incomplete  fission,  polygastric  medusae  of  considerable  size. 
JEpenihesis  McCradyi  presents  still  another  method  of  solving  the 
problem  of  multiplication  without  a  hydra  stage,  and  it  produces 
by  budding  so  much  of  the  hydroid  as  is  available  at  sea,  that  is 
the  blastostyle,  and  this  then  gives  rise  to  medusae.  Lang  has 
pointed  out  the  physiological  resemblance  between  the  polygas- 
tric form  of  GastroUasta  EaffaeUi  and  the  Porpetidae  and  Vel- 
ellidae,  and  has  called  attention  to  the  fact  that  while  we  cannot 
regard  Gastroblasta  as  a  stage  in  the  evolution  of  these  Sipho- 
nophores,  its  existence  does  illustrate  the  way  in  which  Porpita 
may  have  been  evolved  from  a  polygastric  medusa.  It  is  inter- 
esting to  note  that  Epenthesia  McCradyi^  with  its  pendant  blasto- 
styles  hanging  from  a  swim  bell,  and  carrying  medusa  buds, 
stands  in  a  somewhat  similar  relation  to  the  ordinary  Siphono- 
phores. 
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OBSERVATIONS  ON  THE  DEVELOPMENT  OF 
CEPHALOPODS :  HOMOLOGY  OF  THE  OERM 
LAYERS.    By  S.  WATASE.    With  Plates  XVI  and  XVII. 

I. 

Notwithatanding  the  fact  that  the  Cephalopoda  have  been 
thoroughly  stndied  by  several  observers,  the  formation  of  the 
germ  layers  requires  further  elucidation,  inasmuch  as  the  details 
of  recorded  facts  admit  the  most  diverse  interpretations.  The 
following  observations  on  the  development  of  the  common  sqaid 
and  of  some  nnknown  pelagic  Cephalopod  were  chiefly  carried 
on  with  a  special  view  to  the  formation  of  germ  layers,  in  order 
to  find  ont,  if  possible,  from  the  study  of  this  important  point, 
definite  homology  in  different  embryonic  layers  in  comparison 
with  other  groups  of  animals. 

The  extensive  collection  of  the  common  squid  (Loligo  Pealii) 
which  was  made  by  the  late  Dr.  A.  T.  Bruce  contained  the 
materials  for  the  study  of  the  very  early  stages,  and  I  owe  him 
my  sincere  thanks  for  generously  placing  it  at  my  disposal  for 
study  and  for  the  kind  directions  he  gave  me  in  the  earlier  part 
of  my  work.  We  originally  contemplated  a  joint  work  upon  the 
subject,  but  his  sad  death  has  thrown  upon  me  the  entire  respon- 
sibility of  completing  it.  The  results  which  he  had  reached  at 
the  time  when  his  work  was  interrupted  are  contained  in  his  own 
paper  C86ft). 

I  have  also  to  acknowledge  my  thanks  to  Mr.  H.  T.  Fernald  for 
placing  at  my  disposal  different  stages  of  some  unknown  pelagic 
Cephalopod  as  well  as  the  sketches  accompanying  them.  The 
specimens,  however,  were  too  far  advanced  for  the  study  of  the 
germ  layers,  altliough  they  contributed  essentially  to  the  study  of 
the  formation  of  the  digestive  tract  and  the  ink-bag. 

This  Cephalopod  was  found  on  the  beach  of  Nassau  by  a  little 
daughter  of  Dr.  Brooks,  Menctta,  when  our  Marine  Laboratory 
was  located  at  the  West  Indies  during  the  summer  of  1887.  This 
very  closely  resembles  the  Gibraltar  specimen  which  furnished 
the  materials  for  Grenacher's  well  known  memoir  on  the  devel- 
opment of  Cephalopods  ('74i). 
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DuriDg  the  months  of  August  and  September,  1887,  while 
enjoying  the  facilities  for  stadj  offered  by  the  table  of  the  Johns 
Hopkins  University  at  the  U.  S.  Fish  Commission  Laboratory  at 
Wood's  Holl,  Mass.,  I  made  a  series  of  observations  on  the 
development  of  the  common  squid,  especially  in  the  later 
stages  of  growth.  Different  kinds  of  reagents  for  preservation 
were  tried.  The  best  preparations  were  obtained  by  immers- 
ing the  whole  bunch  of  egg  capsules  in  diluted  osmic  acid 
(i  per  cent),  leaving  them  until  the  embryos  showed  dark  brown 
color ;  washing  them  with  distilled  water  and  hardening  them  in 
different  grades  of  alcohol.  Pereny's  fluid  has  produced  very 
satisfactory  results.  The  formation  of  the  digestive  tract  in  the 
squid  was  studied  entirely  from  this  collection.  My  best  thanks 
are  due  to  Dr.  W.  K.  Brooks  for  valuable  assistance  in  the  course 
of  my  investigation  as  well  as  on  the  preparation  of  illustrations 
on  stone. 

The  long  series  of  observations  which  began  with  the  remark- 
able contributions  of  Aristotle  have  given  us  a  piretty  complete 
acquaintance  with  the  outline  of  Cephalopod  development,  and  I 
will  not  repeat  here  those  points  which  have  but  a  secondary  bear- 
ing on  the  origin  of  the  germ  layers.  Before,  however,  examin- 
ing the  observations  recorded  by  preceding  observers,  I  will  go 
over  in  a  summary  way  the  results  obtained  in  my  investigation, 
touching  such  points  as  bear  directly  on  the  question  at  issue. 

The  earliest  stage  I  studied  in  the  squid  (Loligo  Pealii)  is  one 
in  which  the  germ  protoplasm  is  divided  into  two  segments.  Fig. 
1,  Plate  XVI.  The  protoplasm  forms  a  thin  cap  over  one  pole 
of  the  hnge  yolk  mass,  and  is  differentiated  into  three  zones 
which  correspond  to  the  three  zones  of  later  stages — thin  in  the 
centre,  thicker  in  the  intermediate,  and  thinner  again  in  the 
peripheral  zone.  One  noticeable  feature  in  the  distribution  of 
the  food  yolk  and  the  germ  protoplasm  is  that  the  line  of  demarca- 
tion between  the  two  is  perfectly  distinct  from  the  beginning  of 
segmentation.  As  a  consequence  of  this  the  food  yolk  exerts 
no  disturbing  effect  on  segmentation.  Furrows  of  segmenta- 
tion pass  through  the  entire  thickness  of  the  germ  disk.  The  size 
of  the  segments,  however,  enlarges  gradually  as  we  proceed  from 
the  centre  of  the  disk  to  the  periphery,  where  the  protoplasmic 
layer  becomes  thin  and  the  segments  assume  pyramidal  outlines 
witli  their  bases  turned  towards  the  growing  edges  of  the  disk. 
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Meanwhile  the  thicker  intermediate  zone  divides  transversely,  or 
by  delamination  gives  rise  to  a  zone  of  two  cells  thick.  In  this 
stage  the  germ  disk  consists  of  three  zones,  as  has  already  been 
pointed  out  by  KoUicker:  (1)  the  central,  a  circular  area,  one 
cell  thick ;  (2)  the  intermediate  zone  of  two  cells  thick — area 
opaca  of  TJssow ;  (3)  the  marginal  zone,  one  cell  thick — ^blasto- 
cones  of  Vialleton. 

In  this  stage  also  some  cells  in  the  lower  layer  of  the  marginal 
zone  lying  near  the  junction  with  the  intermediate  zone  are  seen 
to  become  spindle-shaped  in  cross  section,  showing  the  character- 
istics of  the  future  "  yolk  membrane  "  cells,  Fig.  2  J?y,  PI.  XVI. 
The  germ  disk  is  in  this  stage  a  sort  of  inverted  cup  over  the 
pole  of  the  yolk  mass,  with  its  concave  side  turned  toward  the 
yolk.  The  "  yolk  membrane  "  cells  originating  at  the  inner  side 
of  the  germ  disk  and  at  the  periphery  of  the  intermediate  zone 
travel  towards  the  centre  of  the  disk,  over  the  surface  of  the  yolk 
mass  from  all  sides,  until  finally  they  join  with  each  other,  with 
their  anastomosing  processes  forming  a  complete  network  of 
Plasmodium  underneath  the  blastodisk.  The  original  blastodisk 
is  thus  completely  separated  from  the  yolk  mass  by  the  interven- 
tion of  the  "yolk  membrane"  between  them. 

As  the  germ  disk  grows  over  the  food  yolk,  the  march  of  the 
"  yolk  membrane  "  keeps  pace  with  the  growth  of  the  overlying 
layer,  but  always  lying  just  inside  of  the  growing  edge. 

This  stage  strongly  suggests  a  gastrula,  comparable  in  all 
essentials  to  the  typical  gastrula,  making  however  a  full  allow- 
ance for  the  accelerating  influence  of  abundant  nutrition  in  the 
order  of. morphological  development.  The  whole  germ  disk- is 
an  inverted  gastrula  with  its  concave  side  turned  towards  the 
yolk  mass.  The  line  of  junction  between  the  food  yolk  and  the 
marginal  zone  corresponds  to  the  lip  of  the  blastopore,  and  the 
shallow  cavity  formed 'by  the  disk  enclosing  a  portion  of  the  food 
yolk  corresponds  to  the  archenteron.  Viewed  in  this  light,  the 
first  origin  of  the  "yolk  membrane"  cells  in  the  inner  side  of 
the  marginal  zone  and  their  subsequent  centripetal  growth  fully 
justifies  a  comparison  to  the  lining  of  the  gastrula  cavity  or  to 
the  ended erm.  The  delamination  of  the  intermediate  zone 
resulting  in  the  formation  of  the  mesoderm.  Figs.  2  and  3  Msy 
PI.  XVI,  before  the  lining  of  the  gastrula  cavity  is  complete, 
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must  be  looked  upon  as  a  case  of  accelerated  development,  due 
probably  to  the  influence  of  the  food  yolk. 

By  the  successive  delamination  of  the  intermediate  zone  the 
mesodermic  zone  becomes  many  cells  thick.  The  lip  of  the 
blastopore  extends  gradually  over  the  yolk  mass,  the  underlying 
"  yolk  membrane "  inside  the  edge  keeping  pace  with  it,  until 
finally  the  blastopore  closes  at  the  pole  just  opposite  to  one  where 
the  germ  disk  made  its  first  appearance.  At  this  stage,  therefore, 
the  pole  where  the  germ  disk  first  originated,  consisting  of  three 
layers,  ectoderm,  mesoderm,  and  "yolk  membrane,"  is  the  area 
where  the  embryo  develops,  while  the  pole  just  opposite  to  this, 
enveloped  by  the  ectoderm  and  the  "  yolk  membr^ine  "  only,  is 
the  area  of  the  food  yolk.  In  other  words,  the  whole  mass  of 
the  food  yolk  is  completely  enveloped  by  the  two  concentric 
layers,  the  ectoderm  and"the  "  yolk  membrane,"  while  the  upper 
half  of  the  same  has  in  addition  a  third  enveloping  mass — the 
mesoderm — which  fills  the  spaces  between  the  ectoderm  and  the 
"  yolk  membrane." 

The  "yolk  membrane"  assumes  exclusively  the  digestive  func- 
tion. The  yolk  spherules  lying  near  this  layer  become  divided 
into  fine  fragments.  Later,  this  layer  shows  within  itself  two 
zones,  the  outer  granular  and  the  inner  non-granular  layer.  This 
diflferentiation  is  more  marked  around  the  portion  of  the  food 
yolk  which  lies  in  the  inside  of  the  developing  embryo.  The 
conspicuous  mass  hanging  down  from  the  embryonic  portion  is 
the  bulk  of  the  food  yolk  enveloped  by  the  two  concentric  layers, 
the  ectoderm  and  the  "  yolk  membrane."  The  "yolk  membrane" 
here  shows  but  a  slight  diflferentiation  within  itself.  The  embry- 
onic portion  and  the  hanging  yolk  mass  are  connected  by  a  rather 
narrow  tract,  the  "  waist"  (Fig.  Ill,  p.  170).  This  waist  becomes 
narrower  and  narrower  with  the  growth  of  the  embryo,  showing 
thus  the  characteristic  feature  of  many  forms  of  Oephalopod  em- 
bryos that  gave  rise  to  the  remarkable  comparison  drawn  by 
Aristotle,  who  likened  it  to  the  shape  of  a  bird,  whose  head  cor- 
responds to  the  embryo  and  the  belly  to  the  hanging  yolk  sac. 
For  the  detailed  account  of  the  changes  undergone  by  this  form 
(Loligo  Pealii)  I  must  refer  the  reader  to  Brooks'  memoir  ('80a). 

To  return  again  to  the  germ  layers.  I  recognize,  then,  in  the 
early  stages  of  Cephalopods  the  existence  of  three  germ  layers: 
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the  outer  colnmnal  ectoderm,  the  middle  polygonal  mesoderm, 
and  the  inner  "  yolk  membrane  "  or  the  endoderm. 

The  recognition  of  the  "  yolk  membrane  "  as  the  endoderm  in 
Gephalopods  requires  some  evidence  additional  to  that  already 
given.  The  most  important  test  would  be  to  determine  whether 
this  "yolk  membrane"  takes  any  share  in  the  formation  of 
the  digestive  tract  of  the  adult  or  not.  In  dealing  with  the 
development  of  the  digestive  tract  I  will  confine  myself  to  the 
formation  of  the  proctodseum  and  its  appendages  only,  for  the 
Btomodial  invagination  is  so  evident  as  to  leave  not  the  slightest 
doubt  as  to  its  history.  Besides,  Grenacher  (*745)  has  given 
such  a  thorough  account  of  the  stomodial  invagination  and  its 
appendages  in  his  Cephalopod  that  any  further  account  is  not 
here  necessary. 

Fig.  I,  p.  168,  is  the  median  section  of  a  young  squid  embryo 
in  which  stomodial  and  proctodial  invaginations  have  com- 
menced to  take  place.  The  invagination  of  the  stomodseum  is 
BO  distinctly  marked  as  to  leave  no  doubt  as  to  its  occurrence. 
But  the  evidence  for  the  proctodial  invagination  is  so  slight 
and  of  such  a  misleading  character  that  great  confusions  exist 
regarding  it. 

The  proctodial  invagination,  unlike  the  stomodseum,  leaves  no 
cavity  of  invagination  at  the  surface,  but  the  lips  of  the  cavity 
come  into  close  apposition.  As  the  invaginated  epiblast  travels 
further  inward  and  forms  a  relatively  spacious  cavity  underneath 
the  general  surface  of  the  body,  that  portion  of  the  epiblast 
becomes  elevated  above  the  surrounding  level,  just  between  a 
pair  of  rudimentary  gills.  It  seems  as  if  the  lower  layer  of 
mesoblast  cells  arranging  themselves  in  that  particular  fashion 
and  arching  over  the  yolk  mass,  form  the  lumen  of  the  digestive 
tract  But  the  examination  of  well  prepared  sections  through 
this  region  shows  the  distinct  line  of  continuity  between  the 
ectoderm  and  the  walls  of  the  rectum  and  the  ink-bag,  Fig.  9, 
Plate  XVII.  The  arrangement  of  cells  as  well  as  of  their  nuclei 
in  this  section  shows  absolute  continuity  between  the  external 
ectoderm  and  the  walls  of  the  rectum  and  the  ink-bag.  The 
spaces  between  the  ectoderm  and  the  invaginated  proctodseum 
are  packed  with  mesoblast  cells.  Grenacher's  Cephalopod  shows 
a  similar  arrangement  in  this  regard,  Fig.  16,  Plate  XVII.    Fig. 
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Fig.  I.  The  median  loogitudinal  seoUoQ  ot  the  aquid  embryo,  in  whioh  the 
Blomodial  and  proctodial  invaginatioiiB  havs  oomnienced  to  tdke  place. 
Fig.  II.  The  same  in  a  more  odmnced  stage  (p.  170). 
Fig.  III.  The  same  in  a  etill  further  adrancad  stage.    The  tore  and  hind  gut 
have  met  at  the  apex  ot  the  tood  yolk  masB,  completing  the  whole  digestive 
tmotfp.  170). 

Pd.  g..  Pedal  ganglia. 

R.,  Rectum. 

Rd.,  Radulasac. 

S.g..  Salivary  gland. 

Sp.,  Siphon. 

St.,  Stomach. 

Vs.  a..  Visceral  ganglia. 

Y.  M.,  "  Tolk  membrane"  (endodenn). 


A.,  Anus. 

Au.,  Auditory  aac. 

Cb.g.,  Cerebral  ganglia. 

F.,  Foot. 

F.  r.,  Pood  yolk. 

/.,  Ink-bag. 

M.,  Moulh. 

m..  Mantel. 

Oe.,  Oesophagus. 
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14  IB  another  seotion  which  with  Fig.  15  forms  a  eerieB  from 
the  Bame  individaal.  In  thiB  the  plane  of  section  does  not  pass 
through  the  point  of  invagination,  and  the  walls  of  the  procto- 
dsBnm  and  the  ectoderm  simply  come  in  contact.  Fig.  10  (Loligo), 
Plate  XYII,  is  a  section  through  the  region  of  the  anal  elevation 
in  an  individual  of  the  same  stage  as  Fig.  9.  The  plane  of 
section  passes  a  little  on  one  side  of  the  point  of  invagination. 
Between  the  ectoderm  and  the  digestive  tract  B!  there  comes 
a  distinct  layer  of  mesoblast.  These  few  examples  show  how 
easily  we  may  be  led  astray  in  our  interpretation  of  this  point, 
for  in  absence  of  consecutive  series  it  is  quite  easy  to  overlook 
the  sections  showing  the  connection  between  the  ectoderm  and 
the  proctodseum  which  is  seen  but  in  one  or  two  sections  in 
the  whole  series.  I  feel  confident  that  this  mistake  has  been 
made  and  that  it  explains  the  lack  of  agreement  between  my 
observation  and  of  those  of  some  others.  No  doubt  the  process 
of  hardening  serves  to  assist  in  bringing  the  lips  of  the  invagina- 
tion into  closer  contact  and  exaggerates  the  obscurity  of  the 
original  passage.  Our  only  guide,  therefore,  to  determine  this 
point  is  the  arrangement  of  the  cells  and  the  shape  and  position 
of  their  nuclei. 

In  the  more  advanced  embryo,  Fig.  11,  p.  170,  the  invaginated 
cavities  extend  further  inward;  the  distinction  between  the 
rectum  {R)  and  the  ink-bag  (/)  is  more  apparent ;  the  mesoblast 
cells  around  the  ink-bag  arrange  themselves  in  a  regular  layer; 
the  floor  of  the  rectum  which  is  continuous  with  the  walls  of  the 
ink-bag  travels  dorsalward  along  the  posterior  border  of  the  yolk 
mass  over  the  "  yolk  membrane."  This  extension  of  the  proc- 
todial  cavity  continues  further  until  finally  the  digestive  tube 
mounts  over  the  yolk  mass  and  becomes  continuous  with  the 
prolongation  of  the  stomodial  invagination,  and  thus  the  con- 
tinuity between  the  mouth  and  the  anus  is  completed.  Fig.  Ill, 
p.  170 ;  Fig.  12,  Plate  XVII.  The  anus,  which  is  quite  indis- 
tinct in  the  stage  Fig.  9,  becomes  more  marked  in  Fig.  11,  and 
remains  permanently  open  in  Fig.  12  stage.  The  ink-bag  in 
Fig.  12  shows  slightly  irregular  moniliform  spaces,  showing  that 
its  inward  extremity  presents  its  characteristic  spiral  twisting  in 
this  stage. 

To  complete  the  account  of  the  digestive  tract,  another  im- 
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portant  organ,  the  "  liver,"  has  here  to  be  dealt  with.  The 
"liver"  arieea  as  a  paired  etrncture  from  diverticula  of  the 
proctodfieum.  Figs.  5-8,  Plate  XVI,  ehow  a  series  of  sections 
throngh  the  different  regions  of  the  "  liver."  Fig.  7  is  the  sec- 
tion passing  through  the  region  where  the  prolongation  of  the 
proctodEeum  sends  ont  a  pair  of  diverticula,  one  on  each  side  of 

T.j.r.  "■■■  ^ 


the  food  yolk.  The  section  that  passes  through  somewhat  above 
this  region  shows  nothing  but  a  stomach  cavity  and  a  part  of 
the  lateral  diverticala.  The  section  passing  below  the  region 
figured  in  Fig.  7  shows  two  lobes  of  the  liver  as  distinctly 
paired  strnctures,  and  in  a  still  lower  plane  the  same  paired  struc- 
tures are  more  widely  separated,  Figs.  6  and  5,Z,Z.  The  section, 
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Fig.  5,  passes  tlirough  the  ink-bag  sitnated  just  inside  the  rectum 
and  surrounded  by  vascular  spaces.  Fig.  4  is  the  more  magnified 
view  of  a  section  similar  to  Rg.  5.  The  section  passes  through 
the  inward  extremity  of  the  ink-bag  (7),  and  no  lumen  is  seen 
in  it. 

Figure  13  shows  a  transverse  section  of  a  more  advanced 
embryo  through  the  r^ion  of  the  stomach  and  the  "  liver."  The 
duct-like  prolongation  from  the  stomach  8t  to  the  glandular  por- 
tion of  the  '*  liver"  L  is  undoubtedly  what  has  been  described  in 
the  adult  anatomy  of  the  squid  as  the  "  spleen  "  SL  The  splanchnic 
ganglia,  8p,  g.^  is  seen  imbedded  between  the  folds  of  the 
digestive  tract.  In  no  stage  of  the  embryo  does  the  "  yolk  mem- 
brane" take  any  share  in  the  formation  of  the  digestive  tract. 
The  lumen  of  the  "  yolk  membrane  "  and  that  of  the  digestive 
tract  remain  entirely  independent  of  each  other.  With  the  absorp- 
tion of  the  food  yolk  the  "yolk  membrane"  also  vanishes,  and 
the  digestive  function  is  assumed  by  the  secondary  set  of  digestive 
organs  developed  solely  by  the  continuation  of  the  stomodial  and 
proctodial  invaginations. 

With  this  negative  result  to  the  inquiry  on  the  fate  of  the 
"  yolk  membrane,"  whether  it  forms  a  part  of  the  digestive  tract 
or  not,  I  think  it  is  still  possible  to  call  the  "  yolk  membrane  " 
a  true  endoderm.  Before  entering,  however,  into  this  discussion 
it  will  be  necessary  to  examine  the  more  important  results 
obtained  by  the  preceding  observers  in  regard  to  the  origin  of  the 
germ  layers  of  Cephalopods,  and  to  compare  them  with  those 
already  described. 

11. 

As  KoUicker's  celebrated  memoir  ('44)  on  the  development  of 
various  forms  of  Octopod  and  Decapod  Cephalopods  deals  more 
especially  with  the  external  changes,  I  have  little  to  do  with  it  here 
in  connection  with  the  origin  of  the  germ  layers.  It  is  necessary, 
however,  to  mention  that  he  distinguishes  two  embryonic  layers, 
the  "  inn  ere  "  and  the  "  aussere  Schicht,"  which  result  from  the 
splitting  of  the  germ  disk,  and  which,  later,  give  rise  to  the  inner 
and  outer  yolk  sac  and  to  all  organs  of  the  embryo.  His  state- 
ments that  the  digestive  tract  arises  as  a  solid  cord  of  cells  which 
becomes  hollowed  out  later,  and  that  the  "  yolk  membrane  "  is 
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contiDuons  with  the  digestive  tract,  have  been  contradicted  by 
some  observers. 

Metschnikoff  ('67)9  whose  account  I  take  from  a  short  German 
abstract,  observed  in  Sepiola,  at  the  third  day  of  the  first  period, 
a  division  of  the  blastoderm  into  two  lamellae  which  he  calls 
"  epitheliale  "  and  "  parenchymatose  "  respectively.  From  the 
former  the  body-wall,  cartilage,  sense  organs,  nutritive  organs, 
with  the  exception  of  the  pharynx  and  the  ink-bag,  develop, 
while  from  the  latter  the  muscles,  pharynx  and  vascular  system 
take  their  origin.  It  is  noticeable  in  his  account  of  the  origin 
of  the  digestive  tract  that  he  ascribes  the  major  portion  of  it  to 
the  ectoderm. 

Lankester's  contributions  (*73,  T6«,  *76&,  '83)  from  time  to 
time  on  the  development  of  Cephalopods,  extending  for  the 
length  of  ten  years,  require  more  extended  notice  here.  His 
account  of  the  early  history  of  the  germ  layers  may  be  best 
given  in  his  own  words,  from  the  latest  of  his  treatises  on  this 
subject  ('83) : 

"  In  the  Dibranchs  the  eggs  are  always  very  large ;  in  some 
cases  the  amount  of  food  yelk  infused  into  the  original  egg-cell  is 
so  great  as  to  give  it  the  size  of  a  large  pea«  This  results  in  that 
mode  of  development  which  is  only  known  outside  this  class 
among  the  Yertebrata ;  it  is  discoblastic.  The  protoplasm  of  the 
fertilized  egg-cell  segregates  to  one  pole  of  the  egg  and  there 
undergoes  cell  division,  resulting  in  the  formation  of  a  disk  of 
cleavage  cells  resembling  the  cicatricula  of  the  hen's  egg,  which 

subsequently  spread  over  and  invest  the  whole  egg But  in 

addition  to  the  layer  of  cleavage  cells,  which  consists  of  more 
than  one  stratum  of  cells  in  the  future  embryonic  area  as  opposed 
to  the  yelk-sac  area,  additional  cells  are  formed  in  the  mass  of 
residual  yelk  apparently  by  an  independent  process  of  segrega- 
tion, each  cell  having  a  separate  origin,  whence  they  are  termed 
^  autoplasts.'  The  autoplasts  eventually  form  a  layer  of  fusiform 
cells — ^the  'yelk  membrane'  which  everywhere  rests  upon  and 
encloses  the  residual  yelk.  The  cleavage  cells  form  a  single 
layer  on  the  yelk-sac  area  and  two  layers  on  the  embryonic  area, 
an  outer  one  cell  deep,  and  an  inner — the  middle  layer  of  the 
three — which  is  often  thick  and  many  cells  deep.  There  is  a 
great  diflSculty  here  in  identifying  the  layers  with  the  three 
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typical  layers  of  other  animal  embryos,  except  in  regard  to  the 
outermost,  which  corresponds  with  the  epiblast  of  Vertebrates  in 
many  respects.  The  middle  layer,  however,  gives  rise  to  the 
nerve  ganglia  as  well  as  to  the  muscles,  coelom,  and  skeleto- 
trophic  tissues,  and  to  the  mid-portion  of  the  alimentary  canal 
with  its  hepatic  diverticula,  the  liver.  It  is  clearly,  therefore, 
something  more  than  the  mesoblast  of  the  Vertebrate,  giving  rise 
as  it  does  to  important  organs  formed  both  by  epiblast  and  hypo- 
blast in  other  animals.  Lastly,  the  yelk  membrane,  though 
corresponding  to  the  Vertebrate  hypoblast  in  position  and  struc- 
ture, furnishes  no  part  of  the  alimentary  tract,  but  disappears 
when  the  yelk  is  completely  absorbed.  In  fact,  the  develop- 
mental phenomena  in  Sepia,  Loligo,  and  Octopus  are  profoundly 
perturbed  by  the  excessive  proportion  of  food  yelk.  Balfour  has 
shown  that  in  the  chick  the  orifice  of  closure  of  the  overspreading 
blastoderm  does  not  represent  the  whole  of  the  blastopore,  but 
that  this  is  in  part  to  be  sought  in  the  widely  separated  primitive 
streak.  The  present  writer  has  little  doubt  that  a  structure 
corresponding  to  the  primitive  streak  of  the  chick,  and  lying 
near  the  klastic  pole,  will  be  found  in  Sepia  and  Loligo,  and  the 
strange  vesicular  origin  of  the  midgut  will  be  traced  to  and 
explained  by  it." 

His  view  of  the  "strange  vesicular  origin  of  the  mid-gut" 
above-mentioned  is  based  on  the  interpretation  of  a  section  similar 
to  my  Fig.  14,  Plate  XVII.  This  section  is  inconclusive,  how- 
ever, as  other  sections  of  the  same  specimen  showed  even  at  this 
stage  that  there  is  one  point  where  the  connection  with  the  external 
ectoderm  exists,  although  this  continuity  is  not  shown  in  the  sec- 
tion from  which  Fig.  14  was  drawn,  nor  in  a  similar  section  which 
Lankester  figures.  He  says  ('75&):  "The  epithelium  of  the 
chamber  of  the  anal  tubercle  is  in  close  contact,  from  the  earliest 
stage  at  which  I  have  seen  it,  with  the  epidermic  epithelium,  and 
much  later  at  this  point  the  anus  breaks  through.  I  have  not 
found  what  might  be  looked  for  on  A  priori  grounds  (compari- 
son with  other  molluscs),  that  the  chamber  of  the  anal  tubercle  is 
formed  by  an  invagination  from  the  external  layer  at  this  point." 
My  sections,  however,  of  Loligo  and  Grenacher's  Cephalopod  show 
this  anal  invagination  conclusively,  which  Lankester  expected  to 
see  on  d,  priori  ground.    And  the  attempt  to  explain  the  "vesic- 
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nlar  ori^n  "  of  that  part  of  digestive  tract  in  connection  with 
the  primitive  streak-like  stroctnre  in  Cephalopod  seems  to  me 
unnecessary;  nor  have  I  seen  a  stractnre  anything  like  the 
primitive  streak  lying  near  the  klastic  pole,  nnless  by  it  is  meant 
the  ^  pen  sac  "  which  shows  in  an  early  stage,  an  elongated  shal- 
low groove.  His  account  of  the  antoplastic  origin  of  the  "  yolk 
membrane  "  has  been  contradicted  by  subsequent  observers.  As 
to  tiie  homology  of  the  ^^yolk  membrane,"  he  points  out  its 
strong  resemblance  to  the  vertebrate  endoderm,  but  he  does  not 
assert  that  it  is  actually  the  endoderm.  Speaking  of  this  mem- 
brane he  says  ('75d),  ^'Is  this  the  hypoblast?  Leaving  aside 
speculative  discussions,  the  question  is,  Does  the  epithelium  of 
the  middle  portion  of  the  alimentary  canal  develop  from  this 
layer  f  Having  satisfied  himself,  as  I  have  also  done,  that  the 
yolk  membrane  takes  no  part  in  formation  of  the  permanent 
digestive  tract,  he  concludes  by  pointing  out  its  remarkable 
resemblance  to  the  vertebrate  endoderm,  without  committing 
himself  to  any  view  as  to  its  homology. 

By  far  the  most  detailed  accounts  of  the  early  stages  of  the 
Cephalopods  are  found  in  the  two  memoirs  of  Ussow  ('74a,  *81). 
Ussow,  working  on  the  development  of  four  different  species  of 
Cephalopods,  namely,  Sepia^  Sepiola^  ZoligOj  and  Argonauta^  at 
the  same  time,  had  an  opportunity  to  compare  the  different 
forms,  and  his  observations  on  the  early  stages  of  segmentation 
are  of  special  value.  However,  his  interpretation  is  open  to  con- 
fusion. He  recognizes  the  existence  of  three  embryonic  layers, 
but  of  purely  conventional  kind  and  of  no  morphological  signifi- 
cance. Thus  he  speaks  of  "  obere  Keimblatt "  which  corresponds 
to  our  ectoderm ;  the  "  mittelere  Keimblatt "  which  he  divides 
into  two  layers, "  Hautmuskelschicht "  and  "  Darmfaserschicht," 
corresponding  to  our  mesoderm  and  the  "  yolk  membrane  "  put 
together,  but  used  in  the  same  sense  as  applied  to  a  higher  ver- 
tebrate. To  these  two  he  adds  a  third,  "  Darmdrusenblatt," 
which  is  derived  entirely  from  the  invagination  of  the  ectoderm, 
giving  rise  to  the  whole  digestive  canal  and  its  appendages. 

The  "  yolk  membrane  "  then,  according  to  him,  is  part  of  the 
mesoderm,  and  the  morphological  endoderm,  as  such,  may  be  said 
to  have  no  existence  in  Cephalopods. 

Grenacher's  ('74&)  account  of  the  formation  of  the  digestive 
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tract  in  his  interesting  Cepbftlopod  I  have  been  able  to  confirm 
in  mj  obeervatioDB  on  tbe  Gepbalopod  from  Nassau.  Like  him, 
the  collection  at  my  disposal  being  scanty  in  the  earlier  stages,  I 
have  not  be^i  able  to  make  out  anything  on  the  origin  of  the 
germ  layers. 

To  Bobretzsky's  original  account  (*7  7)  I  have  no  access.  Bal- 
four ('805)  taking  most  of  the  illustrations  of  the  development 
of  Cephalopods  from  Bobretzsky's  memoir,  I  may  consider  these 
two  authors  together.  In  regard  to  the  "  yolk  membrane,"  Bal- 
four says  it  is  entirely  passive  and  that  it  takes  no  share  in  the 
formation  of  the  embryonic  body;  the  mesoderm  originates  at  the 
growing  edge  of  the  blastodisk,  and  that  this  mass  of  mesoblast 
contains  endodermic  elements,  for  later  it  gives  rise  to  a  part  of 
the  alimentary  canal.  It  is  evident  that  he  sought  the  endoderm 
outside  of  the  structure  of  the  "yolk  membrane."  His  account 
of  the  origin  of  the  "  mesenteron  "  is  like  that  of  Lankester,  and 
he  bases  his  statement  on  Bobretzsky's  figure.  He  says  that  a 
band  of  mesoderm  intervenes  between  the  "  mesenteron "  and 
the  ectoderm^  thus  giving  an  idea  that  there  is  no  possible  con- 
nection between  the  two.  The  figure  above  referred  to  corres- 
ponds to  my  Fig.  10,  Plate  XVII. 

Brooks  ('80a),  describing  a  stage  in  the  developing  embryo  of 
the  common  squid,  little  older  than  my  Fig.  3,  Plate  XVI,  says : 
"  The  blastoderm  now  covers  a  considerable  area  at  the  formative 
pole  of  the  egg,  and  its  edge  is  marked  by  two  parallel  lines 
around  the  yolk.  The  outermost  of  these  lines  appears  to  be  the 
growing  edge  of  the  layer  of  ectoderm  which  has  been  formed  by 
the  subdivision  and  increase  of  the  segmentation  spherules  of  an 
earlier  stage,  and  the  second  or  inner  line  I  believe  to  be  the 
growing  edge  of  the  lower  layer  of  the  blastoderm.  The  surface 
of  the  yolk  below  the  blastoderm,  and  inside  this  second  line,  is 
covered  by  a  number  of  large,  well-defined,  nucleus-like  bodies, 
the  autoplasts  of  Lankester,  which  are  strictly  confined  to  the 
area  inside  the  inner  one  of  the  two  circular  lines  noticed,  and  in 
no  case  reach  to  or  beyond  the  growing  edge  of  the  blastoderm. 
The  appearances  indicate  that  these  bodies  are  the  nuclei  of  the 
lower  layer,  or  endoderm,  which  is  in  process  of  formation  on  the 
surface  of  the  yolk  under  the  outer  layer  or  ectoderm,  but  cov- 
ering a  smaller  area,  so  that  the  ectoderm  projects  beyond  the 
lower  layer  a  little  around  the  entire  growing  edge." 
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The  observation  here  given  on  the  living  egg  accords  remark- 
ably well  with  my  sections,  and  the  endodermic  nature  of  the 
"  yolk  membrane  "  cells  is  distinctly  pointed  out. 

To  Paul  Girod's  exhaustive  memoir  ('82)  on  the  ink-bag  of 
Cephalopods  allusion  must  here  be  made,  inasmuch  as  he  speaks 
of  the  development  of  the  rectum  and  the  ink-bag.  Girod,  as 
well  as  Ussow  ('74«),  describes  ^the  occurrence  of  the  anal  invagi- 
nation as  succeeding  the  elevation  of  the  anal  tract.  According 
to  them,  first  the  anal  area  becomes  elevated  and  forms  a  little 
eminence  between  the  rudimentary  gills  on  one  side  and  a  pair  of 
siphon  buds  on  the  other.  Upon  this  eminence  a  cavity  is  formed 
which,  gradually  working  its  way  inward,  differentiates  into  the 
ink-bag  and  the  rectum.  According  to  my  observation,  this  elevar 
tion  of  the  anal  tract  is  not  antecedent  to  the  anal  invagination, 
but  concurrent  with  it.  Because  a  certain  group  of  ectodermic 
cells  is  carried  underneath  the  general  surface  of  the  body,  result- 
ing in  the  formation  of  a  spacious  cavity  and  an  accumulation  of 
mesodermic  cells  around  it,  that  region  becomes  more  eminent 
than  the  surrounding.  In  the  development  of  the  anal  area  from 
the  slightest  elevation  to  a  conspicuous  eminence  I  observed  a 
corresponding  increase  in  the  capacity  of  the  underlying  cavity 
or  cavities. 

Schirakewitsch  (*86^),  working  on  the  development  of  Sepiay 
observed  the  formation  of  blood-corpuscles  from  the  nuclei  of  the 
"  yolk  membrane  "  cells.  Basing  his  fact  on  this,  he  carries  the 
comparison  of  the  "yolk  membrane"  to  the  "parablast "  (His) 
of  Teleosts.  Although  the  comparison  is  a  suggestive  one,  I  have 
not  been  able  to  see,  during  my  observations  on  Loligo,  anything 
like  the  phenomena  he  figures  and  describes. 

Bruce  ('865),  basing  his  observations  on  the  nature  of  the  cells 
of  the  "  yolk  membrane  "  and  their  nuclei,  recognized  these  cells 
as  the  endoderm.  "These  cells,"  he  says,  "from  their  spindle 
shape  and  oval  nuclei,  are  readily  recognized  as  the  endoderm 
cells  which  form  the  inner  coating  of  the  yolk  sac  and  digestive 
tract  in  more  advanced  embryos." 

Vialleton  ('8  7),  working  on  the  development  of  the  squid, 
describes  in  the  early  stage  of  segmentation  the  existence  of  two 
elements  which  he  calls  respectively  "  blastom^res  "  and  "  blasto- 
cones."    The  former  corresponds  to  our  central  and  intermediate 
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zoDe  put  together,  where  the  segments  are  more  or  less  individ- 
ualized, and  the  latter  to  our  marginal  zone,  where  protoplasm 
becomes  thinner  and  the  outline  of  each  segment  is  indistinct. 
From  the  "  blastomSres  *'  the  body  of  the  embryo  is  developed, 
while  the  "  blastocones"  form  a  plasmodinm  and  give  rise  to  the 
perivitelline  membrane  ("  yolk  naembrane  ").  The  cells  of  the 
"  blastomdres  "  increasing  very  rapidly  necessarUy  encroach  npon 
the  "  blastocones,"  which  directly  rest  npon  the  food  yolk,  until 
finally  the  cells  of  the  "  blastocones"  become  intercalated  between 
the  "  blastom^res  "  and  the  food  yolk.  Later  the  perivitelline  mem- 
brane entirely  separates  the  "  blastom^res  "  from  the  yolk.  He 
regards  the  behavior  of  the  perivitelline  membrane  as  one  mode 
of  formation  of  the  endoderm. 

In  regard  to  the  origin  of  the  "  yolk-membrane  "  cells  in  the 
marginal  zone,  my  observation  agrees  with  his  description.  Bat 
as  to  the  cause  of  intercalation  due  to  the  rapid  multiplication 
of  his  "blastom^res"  resulting  in  the  encroachment  upon  the 
surface  of  the  "  blastocones,"  my  sections  do  not  admit  this  mode 
of  interpretation.  I  am  more  inclined  to  believe  the  "yolk- 
membrane  "  cells  originate  by  the  direct  division  of  the  lower 
stratum  of  protoplasm  in  the  marginal  zone  of  the  disk,  or  pos- 
sibly by  the  direct  migration  of  marginal  zone  cells  in  different 
points,  bat  not  as  a  result  of  the  mechanical  encroachment  of  the 
rapidly  increasing  inner  area  or  the  "  blastom^res." 

III. 

It  will  be  seen  from  the  foregoing  that  the  range  of  opinions 
in  regard  to  the  nature  of  the  "  yolk  membrane  "  and  the  origin 
of  the  digestive  tract  is  quite  extensive. 

With  the  exception  of  Lankester,  all  agree  in  describing  the 
"yolk  membrane"  as  originating  from  the  segmentation  of  the 
original  germ  disk.  I  do  not  clearly  understand  what  views  as 
to  the  homology  of  the  "  yolk  membrane  "  are  held  by  Kollicker 
and  Metschnikoff;  Lankester  and  Balfour  do  not  definitely 
commit  themselves  to  any  homology  with  the  germ  layers  of 
other  animals.  Ussow  calls  the  "  yolk  membrane  "  a  part  of  the 
mesoderm,  while  Brooks,  Schimkewitsch,  Bruce  and  Vialleton 
point  out  more  or  less  distinctly  its  endodermic  natare. 

As  to  the  origin  of  the  digestive  tract,  opinions  are  equally 
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diverse.  Kollicker  and  Bruce  describe  the  continuity  of  the 
digestive  tract  with  the  "  yolk  membrane."  Balfour  and  Lank- 
ester  describe  the  "  mesenteron  "  as  arising  from  the  lower  layer 
of  the  mesoderm.  Metschnikoff  derives  the  major  part  of  it  from 
the  ectoderm,  while  Ussow  attributes  the  formation  of  the  entire 
tract  of  the  digestive  canal  to  the  ectodermic  involutions. 

In  regard  to  these  disputed  points  I  have  satisfied  myself  in 
observing  the  following:  (1)  The  "yolk  membrane"  is  derived 
from  the  original  germ  disk ;  (2)  It  makes  its  appearance  under- 
neath the  marginal  zone  of  the  germ  disk  near  to  the  junction  of 
the  intermediate  zone ;  (3)  The  cells  of  the  "  yolk  membrane  "  are 
irregular  in  outline,  fusiform  in  cross  section,  amoeboid  in  move- 
pient,  each  with  one  or  more  large  nuclei ;  (4)  With  the  growing 
edge  of  the  blastoderm  the  underlying  "  yolk  membrane  "  keeps 
pace  in  growth  with  the  spreading  germ  disk,  but  never  coming 
outside  of  the  peripheral  zone ;  (5)  the  "  yolk  membrane  "  grows 
at  the  same  time  from  the  margin  to  the  centre  of  the  disk,  and 
in  time  it  comes  to  completely  separate  the  blastodisk  from  the 
yolk  mass;  (6)  The  blastodisk  at  about  this  stage  is  a  hollow 
hemisphere  placed  at  one  pole  of  the  yolk  mass,  and  with  the 
origin  of  the  "  yolk  membrane  "  cells  underneath  the  marginal 
zone,  which  grow  centripetally  underneath  the  blastodisk,  presents 
a  phenomenon  comparable  in  all  respects  to  the  epibolic  gastrula; 

(7)  Hence  I  necessarily  believe  the  "  yolk  membrane "  to  be  a 
true  endoderm  and  its  sole  representative  in  the  Cephalopods. 

(8)  As  to  the  origin  of  the  digestive  tract  with  its  appendages,  I 
found  it  entirely  to  bo  formed  by  the  ectodermic  invaginations, 
that  is,  by  the  prolongations  of  the  proctodseum  and  the  stomo- 
daeum;  (9)  At  no  period  of  the  development  does  there  exist  any 
connection  between  the  "  yolk  membrane "  and  the  digestive 
tract,  and  long  before  the  absorption  of  the  food  yolk  is  com- 
pleted the  permanent  digestive  canal  is  formed ;  (10)  With  the 
absorption  of  the  food  yolk  the  "  yolk  membrane  "  disappears. 

As  to  the  significance  of  the  extraordinary  origin  of  the  defini- 
tive digestive  tract  in  exclusion  of  the  "  yolk  membrane  "  or  true 
endoderm,  the  presence  of  an  enormous  food  yolk  seems  to  account 
for  it,  as  I  have  pointed  out  in  the  "  University  Circulars  "  (*88). 
This  extraordinary  peculiarity  is  the  most  distinctive  character- 
istic of  Cephalopod  embryology.     The  food  yolk  attains  such  an 
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enormous  bulk  in  the  Cephalopod  that  the  relation  which  it 
bears  to  the  germinal  disk  is  said  to  reach  its  maximum  develop- 
ment in  tlje  whole  Invertebrates.  The  amount  of  the  food  yolk  is 
so  great  that  long  after  the  embryo  attains  the  full  morphological 
characters  of  the  adult,  the  food  yolk  is  still  seen  stored  inside  of 
the  body;  and  no  doubt  to  this  fact  of  ready  and  abundant 
nutrition  during  the  embryonal  period  is  due,  I  believe,  the 
almost  total  absence  of  metamorphosis  in  the  development  of 
Cephalopods.  In  other  words,  owing  to  the  large  amount  of  the 
food  yolk  to  be  digested,  other  morphological  structures,  as  the 
entire  tract  of  the  digestive  canal  with  its  appendages,  are 
completed  before  the  absorption  of  the  food  yolk  has  taken 
place,  and  the  share  the  "yolk  membrame,"  which  is  morpho- 
logically a  mid-gut,  would  otherwise  contribute  in  the  formation 
of  the  digestive  canal  is  thus  left  out.  What  Ryder*  observes  on 
the  development  of  Vertebrates  applies  with  equal  force  in  the 
development  of  moUuscan  series,  when  he  says :  "  With  the 
gradual  increase  in  the  size  of  the  yelk  in  the  vertebrate  series,  it 
finally  happens  that  the  principal  morphological  features  of  the 
embryo  are  distinctly  developed  long  before  yelk  absorption  is 
completed.  As  a  result  of  this,  the  yelk,  which  occupies  a  ventral 
position  in  reference  to  the  intestine,  is  finally  excluded  from 
direct  connection  with  the  latter,  and  the  periblast  (hypoblastic 
in  origin)  is  made  to  assume  a  new  function,  viz.  that  of  minis- 
tering to  the  incorporation  of  the  vitelline  matter.'* 

Substitute  "moUuscan  scries"  to  "vertebrate  series"  and 
"yolk membrane"  to  "periblast,"  and  the  parallelism  between 
the  developmental  features  of  the  two  groups  in  this  respect  is 
complete.  The  endoderm  in  the  highest  group  of  the  moUuscan 
series,  the  Cephalopoda,  is  made  a  temporary  embryonic  struc- 
ture which  may  be  said  to  have  no  chance  of  leaving  traces  of 
definite  structure  in  the  organization  of  the  adult,  and  the  set  of 
secondary  digestive  organs  in  addition  to  the  primary  one  is 
developed  from  entirely  different  source,  the  ectoderm. 

Observing  then  that  a  certain  portion  (the  mesenteron)  of  the 
digestive  tract  of  the  several  forms  of  MoUusca  is  derived  from 
the  original  endoderm,  and  further, that  the  "yolk  membrane"  in 

*  "On  the  DevelopmeDt  of  Osseous  Fishes.''  John  A.  Kyder.  Beport  of  the 
Commissioner  of  U.  S.  Fish  and  Fisheries  for  1885. 
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Cephalopods  is  the  homologue  of  the  other  molluscaii  endoderm, 
the  two  Btructures,  however,  must  by  no  means  be  taken  to  be 
identical  in  the  history  they  pursae.  In  the  Ceph|ilopod  the 
endoderm  becomes  the  yolk  digesting  membrane,  and  before  it 
can  dispense  with  this  function,  the  prolongations  of  the  fore  and 
hind  gnt  complete  the  digestive  tube  and  exclude  the  endo- 
derm, which  itself  becomes  absorbed  later.  In  some  other. 
Mollusca  the  endoderm  becomes  the  permanent  mesenteron  and 
persists  throughout  the  life  of  the  animal.  In  other  words,  the 
digestive  organs  of  the  adult  animals  in  the  group  Mollusca  are 
not  of  similar  origin,  or,  more  concretely,  the  digestive  systems 
of  the  squid  and  snail  are  not  homologous.  This  may  possibly 
be  an  extreme  instance  of  the  influence  which  the  food  yolk 
exerts  in  modifying  the  course  of  development  and  the  history  of 
the  germ  layers. 
Biological  Laboratort,  Johns  Hopkins  UNiTEBsiTTy  March  80, 1888. 
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List  of  Refebekge  Letters. 
A,  Anus. 

Ad.  8.    Retractor  muscle  of  the  siphon. 

Bh  Blastopore. 

Ep.  Ectoderm. 

F.  T.  Food  yolk. 

G.  Gill. 

Hy.  Endoderm  ("yolk  membrane"). 

J.  Ink-bag. 

X.  "Liyer." 

Ms,  Mesoderm. 

Mt.  Mantel. 

ML  c.  Mantel  cayity. 

Oe.  Oesophagus; 

J2,  BJ  Rectum. 

SI  "Spleen." 

Sp.  g.  Splanchnic  ganglia. 

St.  Stomach. 

St.  g.  Stellate  ganglia. 

T.  M,  "  Yolk  membrane  "  (endoderm). 
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Figs.  5,  6,  7y  and  8  are  drawn  with  Zeiss'  Obj.  A  and  Oberhaasen 
camera;  all  the  other  figures  are  drawn  with  Zeiss'  Obj.  D  and 
Oberhansen  camera.  All  have  been  reduced  to  one  half  the  size  of 
the  original  drawings. 

Plate  XVI. 

Pig.  1. — (Loligo  Pealii).  Vertical  section  through  the  blasto- 
disk  of  a  young  ovum. 

Pig.  2. — (Loligo  Pealii).  The  same,  of  a  more  advanced  ovum. 
The  germ  disk  is  differentiated  into  thVee  concentric  zones :  a  cen- 
tral, one  cell  thick;  the  intermediate,  two  cells  thick;  and  the 
marginal,  single  cell  thick  zone.  The  spindle-shaped  endoderm 
iffy.)  cells  are  seen  intervening  between  the  germ  disk  and  the  food 
yolk.  The  endoderm  cells  do  not  yet  extend  completely  underneath 
the  germ  disk. 

Pig.  3. — (Loligo  Pealii).  The  same,  still  more  advanced;  the 
endoderm  completely  separates  the  germ  disk  from  the  yolk  mass. 

Pig.  4. — (Loligo  Pealii).  Transverse  section  of  an  advanced 
embryo,  already  hatched,  showing  the  relative  position  of  the  rectum 
(jB),  ink-bag  (/),  "liver"  (i),  etc.  The  food  yolk  remains  still 
uuabsorbed  inside  the  body,  completely  enveloped  by  the  endoderm 
or  the  "yolk  membrane"  (P".  J/l)« 

Pigs.  6-8. — (Loligo  Pealii).  Transverse  sections  of  the  advanced 
embryo  3  mm.  in  length,  showing  the  position  of  the  "  liver"  in  dif- 
ferent planes  of  the  body.  In  Pigs.  6  and  6  the  "liver"  (L)  is  seen 
as  a  paired  structure  on  both  sides  of  the  food  yolk  {F.  PI).  In 
Pig.  7  the  "liver"  becomes  continuous  with  the  prolongations  of 
the  proctodial  cavity  {SQ ;  in  Pig.  8  only  a  portion  of  the  hepatic 
diverticula  is  seen  by  the  side  of  the  cavity  (/S/.). 

Plate  XVIL 

Pig.  9. — (Loligo  Pealii).  Longitudinal  section  of  a  young,  un- 
hatched  embryo,  showing  the  invagination  of  the  ectoderm,  resulting 
in  the  formation  of  the  ink-bag  (/)  and  the  rectum  (iZ').  Cells  lining 
the  cavity  of  the  ink-bag  are  vacuolated  and  contain  the  mucus-like 
fluid. 

Pig.  10. — (Loligo  Pealii).  Longitudinal  section  of  a  young  embryo 
of  the  same  stage  as  Pig.  9.  The  plane  of  the  section  passes  little 
beyond  the  point  of  invagination.  Rectal  cavity  (iJ')  completely 
separated  from  the  exterior  by  a  group  of  mesoblast  cells  (^MsJ). 

Pig.  11. — (Loligo  Pealii).    Longitudinal  section  of  a  young  embryo. 
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unhatched,  but  more  advanced  than  Figs.  9  and  10  stage.  The  ink- 
bag  (7)  and  the  rectum  (72)  well  differentiated.  The  mesoblast 
around  the  ink-bag  differentiate  themselves  into  a  well  defined  layer. 
The  roof  of  the  rectum  (JS)  travels  dorsalward  over  the  endoderm  or 
the  "yolk  membrane '^  {T,  M,), 

Fia.  12. — (Loligo  Pealii).  Longitudinal  section  of  a  still  more 
advanced  embryo  through  the  point  of  anal  orifice  (J),  showing  the 
further  extension  of  the  rectum  {K)  dorsalward,  forming  a  spacious 
cavity,  the  stomach  (/S^.),  which  is  continuous  with  prolongation  of 
the  stomod88um  or  the  oesophagus  (jOe.')*  The  ink-bag  (/)  shows  the 
moniliform  lumen  which  is  due  to  the  slight  spiral  twisting  of  the 
bag  toward  its  inward  extremity. 

Fig.  13. — (Loligo  Pealii).  Transverse  section  of  a  well  advanced 
embryo  (4  mm.  in  length)  through  the  region  of  the  stomach  (/S^.) 
and  "  liver "  (i),  corresponding  to  the  section  Fig.  7,  but  in  more 
advanced  stage.  Histological  differentiation  in  the  cells  lining  the 
stomach  {St.),  the  "spleen''  {SI)  and  the  "liver"  (i)  are  well 
marked.  The  splanchnic  ganglia  {Sp.g.)  is  found  imbedded  in  the 
folds  of  the  digestive  tract.  The  food  yolk  still  exists  in  a  large 
quantity,  completely  enveloped  by  the  endodermic  membrane  (y.  3/.). 

Fig.  14. — (Grenacher's  Cephalopod  from  Nassau.)  Longitudinal 
section  of  a  young  specimen  about  3  mm.  in  length,  through  the 
region  of  the  anal  eminence.  The  section  does  not  pass  exactly 
through  the  point  of  ectodermic  involution,  but  little  beyond  it.  The 
manner  of  formation  of  the  ink-bag  (/)  and  the  rectum  (i2')  is 
essentially  the  same  as  in  the  squid. 

Fig.  15. — (Grenacher's  Cephalopod  from  Nassau.)  This  is  from 
the  same  specimen  from  which  the  section  Fig.  14  is  taken.  The 
plane  of  section  passes  through  the  point  of  involution,  showing  the 
continuity  of  the  ectoderm  to  the  walls  of  the  rectum  (i2')  and  the 
ink-bag  (/). 
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DEVELOPMENT  OF  THE  EUSTACHIAN  TUBE, 
MIDDLE  EAB,  TYMPANIC  MEMBRANE  AND 
MEATUS  OP  THE  CHICK.  By  F.  MALL,  M.  D., 
Fellow  in  Pathology,  Johns  Hopkins  XJniyersity,  Baltimore. 
With  Plates  XVIII  and  XIX. 

Formerly  the  Eustachian  tube,  middle  ear  and  meatus  were 
described  as  arising  directly  from  the  first  branchial  cleft.  The 
description  was  very  simple,  it  being  that  the  first  and  second 
branchial  arches  united  by  the  growing  together  of  the  epithelium, 
and  that  theunion  thus  formed  became  converted  into  the  tympanic 
membrane.  The  depression  external^  to  this  union  was  changed 
into  the  meatus,  and  the  depression  internal  to  the  union  was 
converted  into  the  Eustacliian  tube  and  the  tympanic  cavity. 

Hunt^  denied  this  statement  and  asserted  that  ^^  the  Eustachian 
tube  is  an  involution  of  the  pharyngeal  mucous  membrane ;  the 
meatus  is  an  involution  of  the  integument ;  the  drum  is  formed 
by  the  Eustachian  tube  overlapping  the  extremity  of  the  meatus." 
His  investigations  were  upon  the  embryo  pig. 

A  year  later,  Moldenhauer*  carefully  studied  the  subject  in 
question  upon  the  chick,  and  he  also  differed  from  the  older 
teachings.  He  described  a  ridge  in  the  pharynx  (coUiculus  tubo- 
pharyngeus)  which  extends  from  the  first  cleft  nearly  to  Rathke's 
pocket.  Anterior  to  this  ridge  is  a  sulcus  (sulcus  lingualis),  and 
posterior  to  it  another  groove,  beginning  at  the  inner  opening  of  the 
first  branchial  cleft  and  gradually  becoming  shallower  and  shal- 
lower as  it  extends  upwards.  This  groove  he  calls  sulcus  tubo-tym- 
panicus,  and  from  it  he  believes  the  Eustachian  tube  and  tympanic 
cavity  arise.  The  external  ear  passage  is  formed  by  tissue  being 
built  around  the  posterior  part  of  the  first  cleft  which  has  by  this 
time  become  closed ;  the  uniting  membrane  produced  by  the  union 
of  the  first  and  second  arches  is  now  opposite  the  canalis  tubo- 
tympanicus,  and  in  this  way  the  tympanic  membrane  is  formed. 

*  I  shall  use  sTnonjmously :  upper  and  oral,  lower  and  aboral,  anterior  and 
ventral,  and  posterior  and  dorsal. 

'  TransaotioDs  of  the  International  Otological  Congress  of  1876. 

*  Morpholog.  Jahrbnch,  Bd.  Ill,  1877. 
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Urbantschitscy  fully  agrees  with  Hunt,  stating  also  that  the 
firet  cleft  has  nothing  at  all  to  do  with  the  tube,  tympanic  mem- 
brane, or  meatus.  According  to  him  the  tube  is  an  involution  of 
the  endoderm,  the  meatus  an  involution  of  the  ectoderm,  both 
being  within  the  tissue  of  the  first  arch.  The  tympanic  mem- 
brane is  formed  by  the  overlapping  of  the  ectodermal  and 
endodermal  involutions. 

Kolliker*  states  that  the  inner  and  outer  parts  of  the  ventral 
half  of  the  first  and  second  arches  unite,  and  at  the  dorsal  part,  the 
primary  point  of  closure  is  converted  into  the  tympanic  mem- 
brane. The  Eustachian  tube,  according  to  KoUiker,  is  undoubt- 
edly developed  from  the  posterior  part  of  the  median  half  of  the 
first  branchial  cleft.  The  middle  ear  is  developed  by  a  new 
outgrowtli  from  the  outer  part  of  the  tube,  the  outgrowth  (canalis 
tubo-tympanicus,  KoUiker,  sulcus  tubo-tympanicus,  Moldenhauer) 
extending  outwards,  upwards  and  backwards. 

Allen  Thomson'  retains  the  old  teachings.  He  cannot  accept 
the  views  of  Hunt,  Moldenhauer,  or  Urbantschitsch  because  they 
do  not  give  suflBcient  evidence  upon  which  to  base  their  views. 

Hoffman*  examined  the  embryos  of  reptiles,  birds  and  mam- 
mals, his  investigations  leading  him  to  agree  with  KoUiker  as 
regards  the  development  of  the  tube  and  middle  ear,  though 
differing  from  him  regarding  the  direction  of  the  growth  of  the 
canalis  tubo-tympanicus. 

Lately  Kastschenko^  and  Gradenigo®  have  investigated  the 
development  of  the  auditory  apparatus,  and  both  come  to  the 
conclusion  that  it  is  not  derived  directly  from  the  first  branchial 
cleft.  Kastschenko  finds  that  the  middle  ear  is  formed  by  the 
narrowing  of  the  lateral  walls  of  the  pharynx  in  the  region  of 
the  second  branchial  arch.  The  tympanic  membrane  is  formed 
mostly  from  the  tissue  of  the  second  arch. 

The  branchial  arches'  of  the  chick  appear  at  the  end  of  the 

1  Mittheil.  aus  d.  Embryolog.  Institut.    Wien,  1877. 

'  Qruiidriss  d.  Entwicklungsgeschichte  d.  Menschen.    1884. 

^  Quain's  Anatomy,  9th  edition,  p.  854. 

«  Arch.  f.  Mik.  Anat.,  Bd.  23. 

*Ibid.  Bd.  80, 1887. 

*Centralblatt  f.  Med.  Wiss.,  1886,  and  Mittheil.  ausd.  Embryolog.  Institut, 
Wien,  1888. 

''Mall.  Arch.  f.  Anat.  u.  Phys.,  Anat.  Abt.,  1887.  Fig.  1  in  this  article  is 
a  copy  of  Fig.  3,  Plate  I,  of  that  article. 
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second  day.  The  head  now  rapidly  flexes  upon  the  body,  and  at 
the  end  of  the  third  day  the  arches  are  fully  formed.  From  now 
on  the  head  gradually  extends  itself,  so  that  at  the  end  of  the 
fourth  day  the  head  is  bent  upon  the  body  at  about  a  right  angle 
(Fig.  1).  In  this  figure  the  first  external  branchial  groove  is 
tadpole-shaped.  On  the  aboral  border  of  the  first  arch  and  on 
the  oral  border  of  the  second  arch  are  the  coUiculi  branchiales 
extemi  of  Moldenhauer.  Between  these  four  tubercles  the 
meatus  is  formed.  Posterior  to  the  coUiculi  bran.  ex.  is  a  "  pin- 
point "  depression  which  is  an  invagination  of  ectoderm  uniting 
with  the  ganglion  of  the  facial  nerve.^  The  lower  part  of  the 
second  arch  is  beginniDg  to  separate  from  its  upper  half  in  order 
to  cover  the  third  and  fourth  arches.  During  the  following  day 
the  ear  is  nearly  developed,  and  the  pin-point  depression  posterior 
to  it  has  disappeared.  At  the  end  of  the  sixth  day  the  external 
ear  is  fully  formed. 

In  1881  His'  demonstrated  that  the  branchial  clefts  are  not 
fissures,  but  that  ectoderm  and  endoderm  dip  into  the  cleft,  meet 
each  other  and  thus  form  a  closing  membrane  (  Yerschlv^splatte). 
He  made  his  observation  on  the  human  embryo,  and  since  then  it 
has  been  verified  in  the  embryo  of  the  pig,*  of  the  rabbit*  and  in 
the  chick.' 

Fol  and  lately  his  pupil,  de  Meuron,*  deny  the  existence  of  this 
"  membrane  of  His "  for  all  classes  of  animals,  while  Froriep' 
mentions  that  in  a  cow's  embryo  the  clefts  were  not  fully  closed. 
Froriep  is  cautious  enough  not  to  state  definitely  whether  or 
not  the  open  cleft  was  due  to  the  preparation  of  the  material. 

Kastschenko^  states  very  definitely  that  in  birds  the  second 
and  third  "clefts"  are  true  clefts,  each  having  a  dorsal  {SchZund" 
loch)  and  a  ventral  (eigerUUche  Schhmdspalte)  opening ;  the  first 

I  Froriep.    Arch.  f.  Anat.  u.  Phy8.»  Anat.  Abt.,  1886. 

'His.    Arch.  t.  Anat.  a.  Phys.,  Anat.  Abt.,  1881. 

*Bom.  Arch.  f.  Mik.  Anat.,  1888.  Fischelis.  lb.  1885.  Kastschenko.  lb. 
1887. 

*K511iker.    loo.  cit. 

'EolUker.    loc.  cit.    Mall.    Arch.  f.  Anat.  n.  Phys.,  Anat.  Abt.,  1887. 

^  De  Meuron.  Recherches  snr  le  d^veloppement  du  Thjrmus,  etc.  Inaug.  Diss. 
Geneve,  1886. 

^Froriep.    Aroh.  f.  Anat.  n.  Phys.,  Anat.  Abt.,  1885. 

^Kastschenko.    Aroh.  f.  Anat.  u.  Phys.,  Anat.  Abt.,  1887. 
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cleft  has  only  the  dorsal  {Schhindloch)  opening.    Also  Leissner^ 
states  that  as  a  rule  the  first  three  clefts  are  true  clefts. 

It  is  easy  to  understand  Kastschenko  by  glancing  at  his  bean* 
tiful  reconstructions.  His  dorsal  openings  {SMundloch)  of  the 
clefts  are,  I  believe,  the  "branchial  sense  organs"  of  Froriep 
and  of  Beard.'  The  sense  organs  of  the  second  and  third  clefbs 
never  appeared  to  me  as  openings,  bnt  the  organ  of  the  first  cleft 
caused  me  considerable  trouble.  I  finally  succeeded  in  tracing 
the  ectoderm  throughout  the  invagination  to  the  seventh  nerve, 
as  shown  in  Figs.  2,  3  and  4.  Regarding  the  ventral  openings 
of  the  second  and  third  clefts  I  can  only  say  that  during  exist- 
ence of  the  third  cleft  I  have  never  seen  it  open.  In  sections  of 
chicks  of  88  hours  and  99  hours  occasionally  a  section  or  two 
appears  in  which  the  second  cleft  on  one  side  is  open ;  and  then 
generally  can  the  point  of  the  tearing  of  the  "  closing  membrane" 
easily  be  recognized.  The  fact  that  this  broken  "  membrane  of 
His  "  was  present  on  one  side  only  and  then  in  but  a  section  or 
two  at  a  time,  easily  accounts  for  Leisener  finding  many  small 
openings  in  a  chick  of  90  hours. 

I  look  upon  these  openings  in  the  membrane  of  the  second 
cleft  as  artificial,  for  they  are  not  symmetrical,  and  nearly  always 
can  the  point  of  rupture  be  detected.  Besides,  if  these  openings 
were  not  artificial  it  would  be  extremely  diflScult  to  account  for 
the  continuous  ectoderm  and  endoderm  as  I  find  it  in  a  chick  of 
112  hours.*  Finally,  the  convincing  argument  to  me  is  that  in  a 
series  of  sections  of  dog's  embryos,*  at  no  time  were  the  clefts 
found  open. 

Since  we  have  the  "membrane  of  His,"  the  difficulty  of  the 
formation  of  the  tympanic  membrane  is  easily  solved.  We  now 
have  from  the  beginning  an  external  and  an  internal  part  to  the 
cleft,  and  all  we  need  is  mesoderm  between  the  two  layers  of  the 
"  membrane  of  His  "  and  the  tympanic  membrane  is  complete. 

In  examining  Fig.  2,  which  is  a  reconstructed  section  between 
the  first  and  second  arches  so  as  to  cut  the  "  membrane  of  His  " 
throughout  its  whole  extent,  it  is  seen  that  the  hinder  brain, 
chorda,  jugular  vein  and  bulbus  aortae  are  cut  across.     The 

'Leissner.    Morphologisohes  Jabrbuch,  Bd.  18,  1888. 
'  Beard.    Studies  from  Biolog.  Laboratory,  Owens  (College,  Vol.  I. 
»MaU.    Arch.  f.  Anat.  u.  Phys.,  Anat.  Abt,  1887,  Plate  II,  Fig.  37,  H. 
^  The  article  following  this* 
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internal  branchial  pocket^  is  well  formed  and  extends  to  the  ecto- 
.derm.  The  external  branchial  groove  extends  aronnd  the  ventral 
half  of  the  neck,  is  deep  anteriorly  and  becomes  shallower  as  it 
passes  posteriorly.  Laterally  to  the  internal  pocket  there  is  the 
beginning  of  an  involution  (vn)  of  ectoderm  which  comes  to 
meet  and  is  to  overlap  the  involution  from  the  endoderm. 

Figure  3  is  a  reconstructed  section  through  the  first  branchial 
cleft  of  a  chick  of  two  days  and  twenty-two  hours.  We  see  that 
the  first  arch  is  fully  formed  and  that  the  pharynx  has  become 
absolutely  narrower  than  formerly,  while  its  dorso-ventral  diam- 
eter has  increased.  The  internal  pocket  is  wider,  deeper  and 
longer  than  before,  and  its  oral  and  aboral  walls  lie  in  apposition 
to  each  other.  The  ectodermal  involution  (viii)  has  now 
extended  half  way  to  the  median  line  and  lies  dorsalwards  from 
the  internal  pocket. 

The  same  reconstruction  from  a  chick  of  three  days  and  sixteen 
hours  (Fig.  4)  gives  almost  the  same  picture.  The  pharynx  has 
become  wider  than  before,  the  first  branchial  pocket  has  been 
prolonged,  retains  its  former  position,  and,  instead  of  having  a 
rounded  outer  extremity,  is  pointed.  The  ectodermal  involution 
(vn)  is  deeper  than  formerly,  and,  on  account  of  the  growth  of 
*  the  body,  now  does  not  reach  more  than  one  third  the  distance  to 
the  median  line.  Yentralwards  from  the  ectodermal  involution 
(vn)  is  a  second  depression  {m,  e.\  which  is  the  beginning  of  the 
external  ear  passage.  If  we  compare  this  latter  reconstruction 
with  Fig.  1  we  see  how  well  they  coincide ;  how  the  ectodermal 
involution  (Fig.  4,  vn)  corresponds  to  the  "  pin  point "  depres- 
sion (Fig.  1,  vn)  at  the  posterior  part  of  the  first  external  bran- 
chial groove ;  how  the  second  involution  (Fig.  4,  m.  e.)  corres- 
ponds to  the  depression  (Fig.  1,  o.  hr.  ex.)  surrounded  by  the 
coUiculi  branchiales  extemi. 

In  the  embryo  of  Fig.  3  the  facial  ganglion  is  just  dorsal  to  the 
ectodermal  involution,  while  in  the  embryo  of  Fig.  4  the  ganglion 
is  absolutely  blended  vrith  the  pin-pointed  depression  (Fig.  5). 

When  we  pass  from  the  embryo  of  three  days  and  sixteen  hours 
to  one  of  five  days  we  notice  that  no  material  change  has  taken 

'  The  depression  external  to  the  '*  membrane  of  His  "  is  groove-like,  therefore 
I  shall  speak  of  it  as  branchial  groove.  The  depression  internal  to  the  membrane 
is  sack-like,  therefore  branchial  pocket.  The  pocket  and  the  groove  form  the 
"cleft." 
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place,  except  that  about  on  this  day  a  sack-like  prolongation  is 
sent  from  the  extreme  oater  part  of  the  first  internal  pocket,  and 
extends  upwards,  slightly  outwards  9,nA  forwards  (Fig.  6)»  This 
prolongation  has  been  called  by  Kolliker,  canalis  tubo-tympanicus. 
During  or  possibly  before  the  canalis  tubo-tympanicus  is  formed, 
the  ectodermal  involution  posterior  to  the  coUiculi  branchiales 
exterui  is,  with  the  exception  of  its  inner  part,  which  blends  with 
the  facial  nerve,  retracted.  It  seems,  therefore,  as  if  the  "  pro- 
cessus "  tubo-tympanicus  were  to  cut  off  this  involution. 

In  an  embryo  of  five  days  and  sixteen  hours  (Fig.  7)  the  canalis 
tubo-tympanicus  is  wider  and  communicates  more  freely  with  the 
internal  pocket  (now  better  called  Eustachian  tube)  than  it  did 
in  the  embryo  of  five  days.  The  mesodermal  tissue  between  the 
canalis  tubo-tympanicus  and  outer  end  of  the  first  internal  bran- 
chial pocket  on  one  side,  and  the  depression  between  the  coUiculi 
branchiales  externi  on  the  other  side,  has  increased  in  quantity. 

Until  this  stage  is  reached  the  head  is  quite  well  flexed  upon 
the  body,  and  the  direction  of  the  first  internal  branchial  pocket, 
with  its  prolonged  outer  extremity  (canalis  t.  t.)  is  outwards, 
forwards  and  upwards.  Through  the  erection  of  the  head  and  the 
formation  of  the  neck  the  Eustachian  tube  and  middle  ear  are 
turned  around  an  axis  which  is  nearly  parallel  with  the  Eustachian 
tube.  After  the  head  is  erected  the  direction  of  the  canalis 
tubo-tympanicus  is  upwards,  outwards  and  backwards^  and  the 
tube  opens  into  the  lower  anterior  angle  of  the  tympanic  cavity. 

Figure  8  is  a  reconstruction  of  the  auditory  apparatus  of  an 
embryo  of  ten  days.  The  figure  shows  that  the  meatus  and  the 
tube  are  in  a  straight  line.  The  sections  showed  that  the  direc- 
tion of  the  tube  was  slightly  upwards,  directly  outwards,  and 
backwards  at  an  angle  of  30^.  The  reconstruction  cannot,  of 
course,  show  this  angle.  The  tube  opens  into  the  anterior  and 
lower  part  of  the  drum  cavity.  The  meatus  is  very  deep  and 
meets  the  tube  at  a  very  obtuse  angle.  The  tympanic  membrane 
is  fully  formed,  and  in  it  has  become  imbedded  one  end  of  the 
columella  which  extends  obliquely  upwards  across  the  middle 
ear,  but  at  no  point  fully  separated  from  the  drum  cavity  wall, 
and  ends  in  the  fenestra  ovalis. 
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The  first  internal  branchial  pocket  is  converted  into  the  Eus- 
tachian tube.  The  meatus  is  formed  principally  by  the  colliculi 
branchiales  extemi  forming  a  wall  around  the  posterior  part  of 
the  first  external  groove.  The  "  membrane  of  His "  receives 
mesoblastic  tissue  between  its  two  layers,  and  thus  forms  the 
tympanic  membrane. 

During  the  third  day  of  incubation  an  ectodermal  involution  is 
formed  from  the  dorsal  part  of  the  first  external  branchial  groove. 
This  involution  lies  in  direct  apposition  with  the  dorsal  part  of  the 
first  internal  branjehial  pocket  and  blends  with  the  facial  nerve. 
During  the  fifth  day  of  incubation  the  connection  between  the 
facial  nerve  and  the  ectoderm  is  severed,  and  a  new  outgrowth 
(canalis  tubo-tympanicus)  from  the  outer  part  of  the  first  internal 
branchial  pocket  takes  its  place.  This  new  outgrowth  first  ex- 
tends outwards,  upwards  and  forwards,  but  through  the  erection 
of  the  head  its  direction  is  changed  to  outwards,  upwards  and 
backwards.     It  forms  the  tympanic  cavity. 

In  conclusion,  I  take  this  occasion  to  express  my  obligations 
to  Professor  His,  of  Leipzig,  in  whose  laboratory  this  work  was 
performed. 

DESCRIPTION  OF  PLATES  XVIII  AND  XIX, 

FiauBB  1.— Embryo  of  4  days.  X  10  diameters.  I,  II,  III  and  IV, 
branchial  arches,  vii,  "pin  point"  depression  at  the  dorsal  part  of 
the  first  cleft    c.  br.  ex.,  colliculi  branchiales  extemi. 

Pig.  2. — Reconstructed  section  through  the  first  branchial  cleft 
of  a  chick  2  days  and  6  hours.  X  40  diameters,  if,  medullary  canal. 
Ph,,  pharynx.  B.  «.,  bulbus  aortae.  v.j.,  jugular  vein,  brj/y  first 
internal  branchial  pocket  jbc,  ectodermal  layer  of  the  membrane  of 
His  cut  across,  vii,  "  pin  point"  depression  at  the  posterior  part 
of  the  first  external  groove.    jBr',  first  branchial  arch. 

Pig.  3. — Reconstructed  section  through  the  first  branchial  cleft  of 
a  chick  2  days  and  22  hours.  X  40  diameters.  J/,  medullary  canal. 
PA.,  pharjmx.  brj/^  first  branchial  pocket  Br',  first  branchial 
arch,  ec.f  ectodermal  layer  of  the  membrane  of  His.  vii,  "pin 
point "  depression  at  the  posterior  part  of  the  first  external  groove. 

Pig.  4. — Reconstructed  section  through  the  first  branchial  cleft  of 
a  chick  3  days  and  16  hours.     X  40  diameters.   M,  medullary  canal. 
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a.  v.,  auditory  vesicle.  PA.,  pharynx,  brj/y  first  internal  branchial 
pocket.  Br'y  first  branchial  arch,  vii,  pin  point  depression  at  the 
posterior  part  of  the  first  branchial  groove,  m.  e.,  beginning  of  the 
meatus,    ec.^  ectoderm. 

Fig.  5. — Section  through  the  "pin  point"  depression  of  the  embryo 
of  3  days,  16  hours.  X  225  diameters,  ec.,  ectoderm.  Brf\  the  "  pin 
point"  depression  as  it  passes  in  and  unites  with  the  facial  nerve. 

Fig.  6. — Section  through  the  first  cleft  of  an  embryo  of  6  days. 
X  160  diameters,  ec.,  ectoderm,  brf,  first  internal  branchial 
pocket    c.  t,  t,y  canalis  tubo-tympanicus.    N^\  7th  nerve. 

Fig.  7. — Section  through  the  first  branchial  cleft  of  an  embryo  of 
5  days,  16  hours.  X  60  diameters.  Jf,  median  line.  Yii,  7th 
nerve.  PA.,  pharynx,  c.  t,  L,  canalis  tubo-tympanicus.  ecy  ecto- 
derm, m.  ex,,  meatus.  The  union  with  the  7th  nerve  is  shown  in  a 
few  sections  more  dorsalwards.  The  meatus  is  struck  squarely  yf^ 
of  a  millimeter  more  ventral  wards. 

Fig.  8. — Eeconstructed  section  through  the  auditory  apparatus  of 
a  chick  10  days.  X  20  diameters.  J/,  median  line.  PA.,  pharynx. 
Cav,  T.y  drum  cavity.  Ty.,  tympanic  membrane.  mecU.  ex.,  meatus. 
Ool,  columella.    P.  0.,  fenestra  ovalis.    X.,  labyrinth. 
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THE  BRANCHIAL  CLEFTS  OF  THE  DOO,  WITH 
SPECIAL  REFERENCE  TO  THE  ORIGIN  OF 
THE  THYMUS  GLAND.  With  Plates  XIX,  XX  and 
XXL    By  R  MALL. 

During  the  year  1885  I  studied,  under  the  direction  of  Prof. 
His,  the  branchial  region  of  the  chick.  The  investigation  in- 
cluded the  derivatives  of  the  clefts,  and  as  I  was  seeking  the 
origin  of  glandular  organs  only,  the  nerves  were  omitted.  In 
that  work  I  most  definitely  came  to  the  conclusion  that  the 
thymus  arises  from  the  ectoderm ;  a  result  which  is  in  absolute 
contradiction  to  Prof.  His's  result  obtained  from  the  human 
embryo.  In  a  paper*  which  appeared  before  the  publication  of 
mine,'  Prof.  His  brings  forth  new  facts  to  prove  that  his  former 
view  regarding  the  origin  of  the  thymus  is  correct.  This  has 
induced  me  to  rework  the  whole  subject  in  question  on  some 
mammalian  embryo,  and  since  a  collection  of  dog  embryos  is  in 
my  possession,  I  have  utilized  them. 

After  microtoming  the  embryos  I  thought  that  a  short  paper 
would  suffice,  but  while  'ivorking  the  sections  into  reconstructions 
I  found  it  necessary  to  include  all  the  arches  and  clefts,  and  also 
the  nerve  ganglia  of  the  branchial  region. 

The  embryos  were  hardened  by  opening  the  cut-out  uterus 
under  a  10  per  cent  solution  of  nitric  acid.  This  immediately 
coagulates  the  tissues  without  causing  any  irregular  shrinking. 
The  embryos  were  then  preserved  in  80  per  cent  alcohol.  From 
the  collection  four  stages  were  selected,  carefully  drawn,  stained 
with  haematozylin  and  eosin,  imbedded  in  paraffine,  and  cut  on 
a  Schanze  microtome  into  sections  .02  mm.  thick.  During  the 
staining  and  imbedding  all  the  embryos  weret  kept  side  by  side. 
The  direction  of  the  section  was  carefully  drawn  upon  the  original 
drawing,  and  great  pains  were  taken  to  get  the  section  through 

^  IJeber  den  Smus  praecervicalis  u.  Thymus.  Arch,  f .  Anat.  u.  Phys.,  Anat. 
Abt.,  1886. 

'  Entwicklung  d.  Branchialbogen  u.  -spalten  des  Huhnschens.  Aroh.  f .  Anat* 
XL,  Phys.,  Anat.  Abt.,  1887. 
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the  branchial  region  accurately  transverse.  The  sections  proved 
to  be  a  perfect  series ;  nicely  stained,  none  distorted,  and  none  lost 
The  dorsal  reconstrnctions  were  made  according  to  His's 
method,  and  the  profile  reconstructions  according  to  Froriep's 
modification.  The  original  drawing  was  used  as  a  basis  into 
which  the  sections  were  replaced  as  you  push  the  drawers  into  a 
bureau.  The  original  drawings  were  made  from  the  embryos 
while  in  alcohol.  The  parafiSne  imbedding  method  causes  the 
embryo  to  shrink,  and,  therefore,  if  the  original  drawing  is 
enlarged  to  50  diameters  it  must  be  reduced  so  that  the  draw- 
ings of  the  sl^ctions  enlarged  60  times  will  fit  accurately  into  it. 
This  reduction  caused  me  considerable  trouble,  for  I  found  that 
the  percentage  of  shrinkage  (given  in  the  table)  is  not  the 
same  for  all  embryos.  When  the  scale  of  the  original  drawing 
and  that  of  the  section  are  the  same,  and  when  the  direction  of 
the  section  is  accurately  made  out,  the  original  drawing  needs 
only  to  be  ruled  and  each  section  will  fit  into  its  place. 

Length.  Peroentatre  of 

BhrinkHge 


Nape-        Vertex-      In  HNO,      In  Alcohol        while  Kosin 

Embryo,    breech.^      breech.    (10  per  cent.)  (80  per  cent.)  Imbedding.         Staining. 

A  6  mm.    5i  mm.  k  hr.  2  mo.  28.5  %  Excellent 

B  8J  5  2  11  11  None. 

C  10  9  18  1  2  Good. 

D  13J       16  6  12  14.7  Fair. 

Embryo  A. 

The  embryo  has  the  lower  part  of  the  body  bent  to  one  side, 
and,  therefore,  the  length  of  the  embryo  cannot  be  made  out 
definitely.  The  picture  straightened  gives  a  nape-breech  length 
of  6  mm.  and  a  vertex-breech  length  of  5}  mm.  The  head 
is  turned  to  one  side  and  well  flexed  upon  the  body,  while  the 
lower  part  of  the  body  is  already  well  formed. 

The  primary  ocular  vesicle  is  beginning  to  be  invaginated,  and 
the  ectoderm  which  is  later  to  form  the  lens  is  already  thickened. 
Directly  dorsalwards'  from  the  base  of  the  second  branchial  arch 

1 1  shall  use  the  terms  **  nape-breech  *'  and  ''  vertex-breech  "  for  the  German 
''  Kackenlinie  "  (His.  Anat.  Mensch.  Em.,  Th.  I  u.  II)  and  *<  Steis^-Scheitel- 
linie  "  (Born.    Arch.  f.  Mik.  Anat.,  Bd.  22). 

'  Whenever  necessary,  to  avoid  ambiguity,  I  shall  use  the  terms  oral-,  aboral-, 
dorsal-,  ventral-,  median-,  and  lateral  wards.  Also,  up  as  oral ;  down  as  aboral ; 
anterior  as  ventral ;  and  posterior  as  dorsal. 
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lies  the  auditory  vesicle,  which  is  fully  separated  from  the  ecto- 
derm (Fig.  1).  Upon  the  Wolffian  ridge  there  is  the  beginning 
of  the  anterior  extremity.  In  general,  the  embryo  is  about  as  far 
advanced  as  a  chick  of  three  days. 

The  branchial  arches  are  all  present,  their  relative  size  being 
shown  in  Fig.  1.  From  the  first  arch  the  superior  maxillary 
process  arises  and  extends,  at  right  angles  from  the  body  of  the 
arch,  over  the  embryonic  eye. 

The  clefts^  are  all  well  marked,  especially  at  their  dorsal  parts, 
where  they  end  in  large,  deep  depressions.  These  depressions 
correspond  with  the  "pin-point"  depressions  which  I  have 
already  mentioned*  as  being  present  in  the  chick.  The  first  and 
second  branchial  grooves  are  about  of  the  same  shape,  both  being 
tadpole-shaped,  while  the  third  and  fourth  grooves  show  something 
very  remarkable.  Viewed  with  a  weak  lens,  no  fourth  arch  can 
be  seen,  but  in  its  place  there  is  an  oval  depression,  in  the  ventral 
part  of  which  there  is  a  small  mound.  A  careful  reconstruction 
shows  (Fig.  1)  that  the  mound  is  the  fourth  arch,  and  the  depres- 
sion dorsalward  from  it  is  a  common  depression  for  both  third 
and  fourth  branchial  furrows. 

The  relative  position  of  the  descending  aorta,  carotid  artery, 
and  jugular  vein  may  be  noticed  in  Fig.  1.  But  the  third  and 
fourth  aortic  arches  are  present ;  the  second  branchial  arch  having 
within  it  absolutely  no  aortic  arch,  although  there  is  a  very 
rich  plexiform  communication  from  the  bulbus  aortae  to  the 
descending  aorta,  through  the  last  named  arch. 

The  ganglia  of  the  5th,  7th  and  8th,  9th  and  10th  nerves  are 
distinctly  formed.  The  Gasserian  ganglion  is  a  large  mass  of 
epithelial  cells  directly  under  the  ectoderm,  external  to  and 
dorsalwards  from  the  jugular  vein.  It  extends  over  the  vein  and 
is  connected,  over  a  large  area,  with  the  brain. 

The  pneumogastric  ganglion  begins  just  aboralwards  to  the 
auditory  vesicle,  and  extends  downwards  and  backwards  to  the 
dorsal  end  of  the  second  branchial  furrow.  The  ganglion  of 
the  vagus  begins  still  farther  aboralwards,  and  extends  to  the 

^  The  **  cleft "  is  divided  into  two  parts,  external  and  internal.  The  external 
part  is  groove-like,  therefore  '*  branchial  groove  ";  the  internal  part  is  a  pocket, 
therefore  "branchial  pocket." 

^Arch.  f.  Anat.  u.  Phys.,  Auat.  Abt.,  1887,  page  9,  "  Nadelspitzf ormige " 
Einsenkung. 
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common  ectodermal  depression  of  the  third  and  fourth  branchial 
grooves.  The  only  ganglion  that  caused  me  any  trouble  is  the 
ganglion  of  the  seventh  and  eighth  nerves.  This  ganglion  is 
directly  connected  with  the  brain,  extends  to  and  is  connected 
with  the  auditory  vesicle,  and  then  extends  to  the  dorsal  part  of 
the  first  branchial  furrow  and  blends  with  the  ectoderm.  This 
ganglion  can  quite  easily  be  divided  into  two  parts,  one  part 
belonging  to  the  facial  and  the  other  part  belonging  to  the  auditory 
nerve.  That  the  eighth  nerve  ganglion  is  connected  with  the 
auditoiry  vesicle  has  already  been  noticed  by  Marshall  and  by 
Froriep,*  while  the  union  of  the  facial  with  the  ectodermal  lining 
of  the  Ist  cleft  was  first  definitely  made  out  by  Van  Wijhe,*  and 
later  by  Froriep*  and  by  Beard,  and  then  by  myself.*  It  is,  no 
doubt,  this  union  that  made  Balfour^  say,  "An  independent 
origin  of  the  facial  nerve  might  have  escaped  my  notice." 

The  lateral  topography  is  now  well  made  out,  and  now  the 
sections  must  be  utilized  for  more  definite  information.  To 
describe  each  section  is  more  than  I  can  do  and  still  spare  the 
reader.  To  make  a  reconstruction  to  view  the  ectoderm  and 
endoderm  is  about  all  that  is  left,  unless  a  reconstruction  is  made 
for  each  cleft.  I  have  found  it  necessary  to  make  two  recon- 
structions, and  in  each  to  omit  the  blood-vessels,  for  as  it  is,  almost 
too  many  things  fall  in  the  same  field. 

Fig.  2  shows  the  direction  of  the  two  layers  of  the  "  membrane 
of  His  ""^  cut  across  so  as  to  strike  the  branchial  pockets  in  their 
deepest  parts,  thus  forming  a  spiral  in  perspective.  The  grooves 
are  represented  cut  across  at  their  dorsal  ends,  and  the  ectoderm  is 
followed  around  the  branchial  arches.  Since  the  dorsal  depressions 
of  the  branchial  grooves  are  in  a  straight  line  (see  Fig.  1),  the 
section  of  the  ectoderm  is  a  plane  in  perspective.  The  whole 
picture  is  a  dorsal  view,  therefore  the  fourth  arch  falls  nearest  the 
observer  and  the  first  arch  farthest  away  and  behind  the  other 
arches. 

1  Quarterly  Journal  of  Microscopic  Science,  1878. 
'Arch.  f.  Anat.  u.  Phys.,  Anat.  Abt.,  1885. 

'  Van  Wi jhe.     Ueber  die  Mesodermsegmente  und  die  Entwick.  d.  Nerren  d. 
Selachierkopfes.    Amsterdam^  1882. 

*  Loc.  cit. 

<^ Studies  from  fche  Biological  Laboratory,  Johns  Hopkins  Univ.,  1888. 

*  Elasmobranoh  Fishes.    London,  1878,  page  199. 
^  VerscJUussplatte. 
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The  line  a  (Fig.  2)  outlines  theroof  of  the  mouth  between  the 
two  first  branchial  pockets  (Jrp^).  The  line  then  marks  the 
deepest  part  of  the  pockets  (1),  then  extends  ventrally  {d)  be- 
tween the  first  and  second  branchial  arches,  then  across  the  floor 
of  the  pharynx  (o).  The  second  pocket  is  traced  across  the  roof 
of  the  month  in  the  same  way,  then  into  the  second  branchial 
pocket  (2),  then  deep  into  the  tissue  of  the  ventral  half  of  the 
neck  (2'),  and  then  around  the  third  arch  into  the  third  pocket 
(3).     The  spiral  is  repeated  to  form  the  fourth  pocket  (4), 

The  first  and  second  branchial  pockets  are  much  alike,  both 
having  a  decided  dorsal  pocket  and  a  well  marked  ventral  pocket. 
The  third  pocket,  the  smallest,  is  somewhat  triangular  in  shape, 
and  unlike  the  first  two  pockets,  does  not  quite  touch  the  ecto- 
derm. After  the  third  branchial  pocket  is  outlined  to  the  point 
3  (Fig.  2),  it  is  naturally  believed  that  the  line  should  pass 
around  the  fourth  branchial  arch  into  the  fourth  pocket.  This  is 
not  the  case.  In  order  to  follow  the  line  into  the  fourth  pocket 
the  line  must  be  retraced  over  a  mound  to  the  point  4',  and  then 
down  a  groove  into  the  fourth  pocket.  The  interior  of  the 
pharynx  is  much  like  the  sinus  praecervicalis.  In  the  sinus  the 
third  and  fourth  grooves  run  into  a  common  depression  (Fig.  1) ; 
in  the  pharynx  the  fourth  internal  pocket  runs  into  the  third 
pocket.  This  being  the  case,  the  dorsal  part  of  the  fourth 
branchial  arch  can  have  no  aortic  arch,  for  the  groove  running; 
over  the  branchial  arch  would  compel  the  aortic  arch,  in  case  it 
passed  through  the  whole  length  of  the  branchial  arch,  to  pene- 
trate two  thicknesses  of  endoderm.  Fig.  1  shows  the  rela- 
tion of  the  aortic  arch  to  the  branchial  arch.  The  aortic  arch 
leaves  the  branchial  arch  before  it  reaches  the  groove  that  the 
aortic  arch  would  have  to  penetrate.  From  this  description  I 
think  that  it  can  be  made  out  that  the  upper  end  of  the  fourth 
pocket  (Fig.  2,  4')  lies  somewhat  anterior  and  directly  internal 
to  the  fourth  aortic  arch.  The  lower  part  of  the  pocket  (4)  must 
be  looked  upon  as  the  pocket  proper.  In  this  embryo  I  can  find 
no  fossa  subbranchialis  as  I  find  it  in  chicks^  of  this  stage,  and  as 
His'  finds  it  in  human  embryos  of  the  same  stage.  Neither  do  I 
find  the  two-homed  space  as  Froriep*  has  described.     Froriep's 


>Arch.  1.  Anat  u.  Phys.,  Anat,  Abt.,  1687,      » Ibid.  1886.    » Ibid.  1885, 
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drawings  show  that  the  two  horns  lie  lateral  to  the  space  between 
the  fourth  and  fifth  aortic  arches. 

The  sections  of  the  branchial  grooves,  hrf^^  hrf^j  irf^  (Figs. 
2  and  3),  show  that  the  ectoderm  is  greatly  thickened  and  tnmed 
in  much  as  it  is  when  the  medullary  canal,  lens,  or  otic  vesicle  is 
formed.  The  first  groove  overlaps  the  first  pocket  on  its  dorsal 
side ;  the  second  groove  overlaps  the  second  pocket  on  its  aboral 
side ;  and  the  common  third  and  fourth  groove  (belongs  more  to 
the  third  than  to  the  fourth  groove)  lies  slightly  dorsalwards  and 
aboralwards  to  the  third  branchial  pocket. 

The  relation  of  the  grooves  to  the  ganglia  is  given  in  Fig.  3. 
The  ganglion  of  the  vagus  passes  from  the  brain  ventralwards  to 
the  "  pin-point "  depression  of  the  third  groove  and  is  there 
directly  united  with  the  ectoderm.  The  ganglion  of  the  ninth 
nerve  takes  a  similar  course  as  the  tenth.  The  "  pin-point " 
depression  of  the  second  branchial  groove  is  not  simply  a  depres- 
sion but  an  invagination  which  extends  directly  dorsalwards 
and  overlaps,  on  the  anterior  side,  the  lower  part  of  the  glosso- 
pharyngeal. In  this  overlapping  region,  the  nerve  and  ectoderm 
are  not  absolutely  united,  and  it  was  with  the  greatest  difficulty 
that  I  separated  them.  The  lower  part  of  the  facial  nerve  lies 
almost  directly  medianwards  from  the  "  pin-point "  depression  of 
the  first  branchial  groove  and  is  absolutely  blended  with  it. 
Following  this  ganglionic  group  upwards,  it  is  first  united  with 
the  otic  vesicle  and  then  with  the  brain.  In  this  embryo  it  was 
comparatively  easy  to  separate  the  acusticus-facialis  ganglion  into 
its  two  parts,  and  it  is  the  acusticus  part  of  the  ganglion  that 
unites  with  the  otic  vesicle. 

There  is  yet  left  the  median  thyroid  gland.  The  gland  is  not 
fully  separated  from  the  pharynx,  is  already  solid,  and  its  deeper 
layers  are  rich  in  blood-vessels.  The  gland  arises  from  a  point 
directly  upon  the  ventral  union  of  the  second  arches,  but  in  the 
lateral  reconstruction  (Pig.  1)  the  gland  falls  upon  the  first  cleft 
because  the  ventral  half  of  the  second  branchial  arch  falls  more 
oralwards  than  the  dorsal  half  of  the  arch  does. 

Embryo  B. 

This  embryo  has  reached  the  stage  of  maximum  flexion.  The 
head  and  tail  are  well  flexed,  and  the  tail  overlaps  the  interme- 
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diary  brain.  The  nape-breech  length  is  8J  mm.  and  the  vertex- 
breech  length  6  mm.  All  the  extremities  have  appeared,  the 
nasal  groove  is  well  formed,  and  the  lens  is  ftilly  separated  from 
the  ectoderm.  The  branchial  arches  and  clefts  have  grown  in 
proportion  with  the  rest  of  the  body,  the  marked  change  being 
in  the  form  of  the  second  arch,  which  now  is  triangular  with  a 
very  wide  base.  This  stage  corresponds  well  with  that  of  a  chick 
of  fonr  days. 

The  lateral  reconstruction  (Fig.  4)  shows  that,  due  to  the 
extreme  flexion  of  the  head,  the  fore-gut  has  undergone  a  decided 
change.  Instead  of  being  a  semicircular  canal  as  in  Fig.  1,  it  is 
now  a  zig-zag  affair,  being  bent  at  a  right  angle  just  internal  to 
the  vagus  ganglion.  The  bifurcation  is  relatively  and  absolutely 
higher  than  in  embryo  A.  The  larynx  is  well  formed  and  its 
upper  border  lies  directly  medianwards  to  the  fourth  branchial 
arch.     There  is  an  embryonic  epiglottis  and  atuberculum  impar. 

The  bulbus  aortae  retains  the  position  it  had  in  embryo  J.,  and 
from  it  arises  the  third,  fourth,  and  fifth  aortic  arches.  The 
aortic  arches  are  S-shaped,  as  is  also  the  case  in  the  chick  when 
maximum  flexion  of  the  head  has  taken  place. 

The  jugular  vein  now  lies  aboralwards  to  the  Gasserian  gan- 
glion and  makes  two  right  angles  in  order  to  get  into  the  thorax, 
where  it  retains  the  same  relative  position  it  held  in  embryo  A. 

As  to  the  ganglia  of  the  neck,  it  may  be  noted  that  the  ganglia 
(seventh,  ninth,  and  tenth)  that  are  related  to  the  clefts  have 
almost  outgrown  the  Gasserian  ganglion.  A  glance  at  Fig.  1 
will  show  how  much  larger  the  Gasserian  ganglion  was  than  the 
remaining  ganglia,  while  Fig.  4  shows  all  four  ganglia  practically 
of  the  same  size. 

To  study  the  clefts  two  reconstructions  had  to  be  made.  Fig. 
6  is  a  reconstruction  of  the  first  and  second  clefts,  while  Fig.  6 
takes  the  region  of  the  Sinus  praecervicalis.  In  Fig.  6  the  first 
pocket  {brj^  has  become  dilated  at  its  outer  extremity.  This 
dilatation  not  only  extends  dorsally  but  extends  anteriorly  more 
than  again  as  far  as  it  extends  dorsally.  From  the  upper,  outer, 
and  anterior  part  of  the  first  branchial  pocket  there  is  a  new 
dilatation  or  outgrowth  connected  with  it,  the  canalis  tubo- 
tympanicus  of  Kolliker,^  and  is  formed  much  as  1?  have  found 


^  Grandriss.    (SuleuB  1. 1.  of  Moldenhauer.) 
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it  to  be  formed  in  the  chick.  In  this  case  the  canalis  tubo- 
tympauicus  is  bent  towards  the  median  line,  therefore  away  from 
the  first  branchial  groove.  Its  shape  is  somewhat  two-horned,  as 
is  also  its  cavity.  The  ventral  wall  of  the  first  pocket  runs 
directly  over  into  the  cavity  of  the  month.  In  the  reconstruction 
(Fig.  5)  the  lateral  walls  of  the  mouth  (m)  are  given. 

Due  to  the  direction  of  the  sections,  the  second  pocket  falls 
'  higher  in  the  reconstruction  than  does  the  first  pocket.    The 

second  pocket  is  rectangular  in  shape;  the  uniting  line  (a) 
represents  the  dorsal  line  of  the  pharynx  of  a  section  made 
through  the  first  branchial  cleft.  How  different  the  second 
branchial  cleft  of  this  embryo  is  from  that  of  a  chick  of  the  same 
stage  of  development!*  In  the  chick  the  second  cleft  is  changed 
into  a  tube,  being  due  to  its  well  developed  embryonic  oper- 
culum. 

In  Fig.  5  the  third  aortic  arch,  carotid  artery  and  descending 
aorta  are  drawn.  Besides  the  arteries,  the  jugularvein  is  outlined 
as  passing  around  the  oral  cavity  in  order  to  enter  the  head.  In 
Fig.  6  the  fourth  and  fifth  aortic  arches  and  descending  aorta  are 
outlined.  To  retain  the  connection  between  Figs.  5  and  6,  the 
outline  of  tlie  transverse  section  of  the  dorsal  part  of  the  second 
branchial  pocket  has  been  added  to  Fig.  6,  anterior  to  the  vagus 
ganglion.  The  third  branchial  pocket  is  an  enormous  sickle- 
shaped  affair  (Fig.  6,  Jrp^").  The  sickle  has  about  the  shape 
of  the  fourth  aortic  arch,  lies  mostly  oralwards  to  it,  and  extends 
ventralwards  into  the  branchial  region  to  the  bulbus  aortae. 
The  fourth  pocket  is  an  exaggeration  of  the  fourth  pocket 
in  embryo  A.  To  be  sure,  the  upper  groove  that  leads  to  the 
third  pocket  has  mostly  disappeared.  It  is  to  be  noted  that 
the  fourth  pocket  does  not  extend  as  far  laterally  as  it  did  in 
embryo  A.  There  it  extends  to  the  outside  of  the  fourth  aortic 
arch ;  here  it  extends  but  half  way  over  the  arch.  On  the 
median  side  of  the  fourth  pocket  there  is  a  depression,/*.  «.  (the 
fossa  subbranchialis),  marked  better  in  the  sections  than  in  the 
reconstruction. 

The  change  required  to  produce  the  branchial  region  of 
embryo  B  from  that  of  embryo  A  may  be  explained  in  the 
following  way :    If  the  dorsal  part  of  the  second  cleft  is  fixed  in 

»Arch.  f.  Anat.  u.  Phys.,  Anat.  Abt.,  Taf.  II,  Fig.  27. 
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gives  us  the  sinus  praecervicalis  nearly  closed  off,  with  a  deep 
part  (fundus  praecervicalis,  His)  composed  mostly  of  the  dorsal 
part  of  the  fourth  groove,  and  a  slit-like  communication  (infondi- 
bulum  praecervicale,  His)  with  the  exterior  of  the  body.  This 
infundibulum  is  a  slit  .02  mm.  wide  and  .1  mm.  long,  beginning 
dorsally  and  extending  somewhat  anteriorly  and  ventrally.  It 
is  bounded  dorsally  by  the  retro-branchial  ridge,  aborally  by  the 
thorax,  and  orally  by  the  lower  border  of  the  third  branchial 
arch.  The  embryo  B  shows,  that  in  the  closure  of  the  sinus 
praecervicalis,  the  fourth  arch  is  first  covered  by  the  third  (Fig. 
7)  and  retro-branchial  ridge,  and  then  the  third  arch  is  mostly 
covered  by  the  second.  The  embryo  C  shows  that  the  fourth 
groove  is  fully  closed  while  the  third  groove  still  communicates 
with  the  exterior  of  the  body.  This  could  not  be  the  case  did 
the  second  arch  first  cover  the  third  and  then  the  fourth.  In  the 
chick  the  whole  sinus  praecervicalis  is  closed  by  the  embryonic 
operculum  growing  over  it,  but  in  the  dog  it  seems  as  though 
the  operculum  is  of  still  less  importance  than*  in  the  human 
embryo.  I  have  been  convinced  that  in  the  dog  the  fourth  arch  is 
fully  covered  by  the  third  before  the  third  is  covered  by  the  second 
arch.  I  have  not  been  fully  convinced  that  the  second  arch  alto- 
gether covers  the  third  arch,  but  am  inclined  to  believe  that  much 
of  the  ectoderm  covering  the  third  arch  aids  to  form  the  epidermis 
of  the  neck.  My  observation  fully  agrees  with  that  of  His^  and 
contradicts  that  of  Dursy'^  and  Rabl.* 

This  body  that  is  formed  from  the  sinus  praecervicalis  is  the 
body  that  His  claims  to  be  the  thymus.  A  glance  at  my  Fig.  7 
and  his  Fig.  4  (Arch.  f.  Anat.  u.  Phys.,  Anat.  Abt.,  Plate  XXII, 
1886)  will  convince  any  one  that  it  is.  That  that  body  is  not  the 
thymus  I  think  my  embryo  C  will  demonstrate. 

Embryo  C. 

Nape-breech  length  10  mm.,  vertex-breech  9  mm.  The  head 
is  bent  upon  the  body,  opposite  the  second  branchial  arch,  at 
about  a  right  angle.  The  body  is  well  curved  upon  itself,  so  that 
the  tail  nearly  reaches  the  eye.     The  superior  maxillary  process 

'Anatomie  menschlicher  Embrjonen,  and  Archiv  f .  Anat.  u.  Phys.,  Anat.  Abt., 
page  421, 1886. 
'  Eiitwicklung  d.  Kopfes  d.  Menschen,  1869. 
*Prager  med.  Wochenschrift,  1886. 


THE  BRANCHIAL  CLEFTS  OF  THE  DOG. 


203 


and  the  first  and  second  arches  are  about  of  the  same  size.  The 
first  arch  is  thinner  dorsally  than  ventrally.  The  second  arch  is 
triangular  in  shape,  the  lower  border  being  convex,  due  to  the 
embryonic  operculum,  while  the  upper  border  is  more  or  less 
zig-zag,  due  to  MoldenhauerV  colliculi  branchiales  extemi.  The 
third  arch  can  hardly  be  made  out,  but  the  sections  still  give  its 
outline.  It  has  fully  covered  the  fourth  arch,  and  its  ventral  half 
is  partly  covered  by  the  ventral  half  of  the  second  arch. 

A  careful  examination  of  the  first  branchial  groove  shows  that 
the  "  pin-point "  depression  has  not  yet  disappeared  and  that  the 
meatus  is  beginning  in  its  ventral  half  (Fig.  8).  The  second 
groove  is  marked  by  the  operculum,  being  shallow  dorsally  and 
deep  ventrally.  The  third  groove  is  marked  only  by  the  '^  pin- 
point "  depression  {S.jpr,)  which  runs  into  a  very  shallow  groove 
running  towards  the  apex  of  the  second  arch.  But  the  fourth 
and  fifth  aortic  arches  remain,  both  being  within  the  thoracic 
cavity. 

The  ganglia  of  the  head  have  all  increased  in  size,  and  they 
are  now  interwoven  with  nerve  bundles.  The  Gasserian  sends 
its  three  branches  to  the  head.  The  seventh  and  eighth  nerve 
ganglia  remain  much  as  in  embryo  H.  The  ganglion  of  the 
ninth  nerve  has  doubled  its  length ;  the  ganglion  of  the  tenth 
more  than  quadrupled  its  length ;  while  both  have  diminished 
their  diameter  by  one  third. 

These  changes  are  no  doubt  due  to  the  stretching  of  the  neck, 

the  stretching  being  greater  in  the  region  of  the  sinus  praecervi- 

calis  than  more  oralwards,  for  the  vagus  ganglidn  is  stretched 

more  than  the  glossopharyngeal,  and  the  glossopharyngeal  more 

than  the  facial.     The  stretching  is  also  nicely  illustrated  by  the 

position  of  the  jugular  vein.    We  can  consider  the  vein  of  Fig. 

4  fixed  at  two  points,  i.  e.  at  the  heart  and  in  the  head.  In  embryo 

J5  the  flexion  of  the  head  upon  the  body  is  maximum,,  and  in 

embryo  C  the  head  is  in  the  first  stage  of  erection.     This  process 

of  erection  can  do  but  one  thing,  i.  e.  stretch  the  dorsal  part 

of  the  vein  in  embryo  B  and  produce  a  kinking  near  the  heart, 

and  a  kinking  as  the  vein  passes  over  the  seventh  nerve  ganglion. 

This  is  exactly  the  shape  of  the  vein  in  embryo  G  (compare  Figs. 

4  and  8). 

^  Morphologisches  Jahrbuch,  Bd.  8. 
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Again,  if  the  pharynx  proper  oiC\&  compared  with  the  pharynx 
proper  oli  B^  stretching  is  gn^ested.  The  dorso-Tentral  diameter 
of  the  phamyx  in  B  is  wide;  in  C it  is  very  narrow.  Nothing 
bat  stretching  conld  produce  this.  That  a  stretching  of  the  neck 
takes  place  in  the  chick  has  ab-eady  been  suggested  to  me,  for  in 
a  chick  of  seven  days  the  neck  is  longer  and  thinner  (?)  than  in  a 
chick  of  six  days.  (See  Arch.  £  Anat  n.  Phys.,  Anat.  Abt,  1887, 
page  9,  Plate  I,  Figs.  5  and  6.) 

The  head  in  its  development  flexes  as  long  as  the  lower  part 
of  the  body  permits  it  to  flex.  During  the  rapid  growth  of  the 
thorax  the  head  must  of  necessity  be  lifted  up,  and  in  this  lifting 
the  ventral  half  of  the  branchial  region  must  be  stretched. 
During  this  whole  time  the  sinus  praecervicalis  region  is  the  ful- 
crum, and  as  soon  as  this  fulcrum  is  broken  the  neck  begins  to 
elongate.  But,  just  as  the  neck  b^ns  to  elongate,  the  spinal 
column  is  becoming  cartilaginous. 

The  sections  show  that  the  Gasserian  ganglion  is  flrmly  united 
to  the  brain,  the  auditory  united  to  the  brain,  otic  vesicle  and 
with  the  facial  ganglion.  The  facial  ganglion  sends  a  large 
bundle  of  nerves  into  the  second  arch,  and  its  old  communica- 
tion with  the  "  pin-point "  depression  of  the  first  branchial  groove 
can  still  be  seen. 

In  the  reconstruction  (Fig.  9)  the  first  branchial  pocket  is 
outlined  only  in  its  maximum  diameters.  The  sections  show 
that  the  direction  of  the  pocket  is  first  directly  outwards,  then 
upwards  and  outwards,  then  bending  at  about  a  right  angle  and 
passing  directly  anteriorly.  Now  the  canalis  tabo-tympanicus 
begins,  and  extends,  much  as  in  embryo  B^  obliquely  upwards 
and  forwards. 

The  ganglion  of  the  ninth  nerve  is  in  no  way  in  connection 
with  the  ectoderm,  the  "pin-point"  depression  of  the  second 
branchial  groove  having  fully  disappeared. 

The  second  branchial  pocket  shows  more  the  shape  it  did  in 
embryo  -4,  but  differs  from  both  embryos  A  and  B  in  that  here 
it  is  far  from  reaching  to  the  ectoderm. 

As  a  residuum  of  the  third  cleft  we  have  left  two  distinct 
bodies  which  are  at  no  point  connected  with  each  other,  and  each 
has  a  distinct  lumen.  The  anterior  body  is  directly  connected 
with  the  pharynx  by  a  heavy  band  of  epithelial  cells  which 
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passes  between  the  third  and  fourth  aortic  arches.  The  posterior 
body  begins  within  the  vagus  ganglion,  directly  posterior  to  the 
anterior  body.  At  its  beginning  it  has  a  lumen  which  the  body 
retains  till  its  ectodermal  connection  reaches  nearly  to  the  epi- 
dermis. On  both  sides  of  the  embryo  these  two  bodies  have 
reached  the  same  stage  of  development,  and  in  all  sections  the 
bodies  are  fully  separated  from  each  other. 

Fig.  10  is  the  left  sinus  praecervicalis  region,  taken  from  sec- 
tion No.  130.  The  vessels  and  nombers  give  the  topography. 
Within  the  vagos  nerve  there  is  a  group  of  cells  with  quite  a  dis- 
tinct triangular  outline  and  a  lumen.  Anterior  to  the  vagus 
there  is  another  group  of  cells  which  already  appear  in  section 
No.  129.  These  two  groups  followed  four  sections  deeper  (.08 
mm.)  are  again  seen,  Fig.  11.  Here  the  anterior  group  unites 
with  the  pharynx ;  the  posterior  group  is  still  mostly  within  the 
nerve.  Two  sections  deeper  (No.  136),  Fig.  12,  the  anterior 
group  has  a  lumen,  and  the  posterior  group  communicates  with 
the  sinus  praecervicalis,  but  its  lumen  does  not  reach  to  the  out- 
side of  the  body.  A  section  deeper  this  organ  of  the  vagus  has 
disappeared,  but  its  old  communication  with  the  ectoderm  is 
marked  by  a  band  of  cells  which  reaches  nearly  to  the  endo- 
dermal  group  of  cells.  Fig.  13,  section  No.  139,  shows  the  ante- 
rior group  of  cells  alone ;  it  ends  in  section  No.  144  (Fig.  14). 

The  reconstruction,  Fig.  9,  gives  the  relative  position  of  the 
two  bodies,  the  one  from  the  third  pocket  extending  more  aboral- 
wards  than  the  one  from  the  sinus  praecervicalis.  The  body 
from  the  sinus  is  absolutely  blended  with  the  ganglion  of  the 
vagus  nerve  and  still  communicates  with  the  ectoderm.  This 
body  from  the  sinus  is  developed  from  the  dorsal  part  of  the 
third  and  fourth  branchial  grooves.  As  the  third  arch  falls  over 
the  fourth  arch,  a  good  share  of  the  ectoderm  covering  the  lower 
part  of  the  third  arch  and  the  epithelium  of  the  dorsal  half  of  the 
fourth  arch  are  included.  This  makes  the  triangular  body  that 
arises  from  the  sinus  praecervicalis  identical  with  the  thymus 
of  His.  It  is,  further,  the  body  that  Born*  described  as  extending 
from  the  sinus  praecervicalis  into  the  vagus,  and  it  is  the  body 
that  Froriep^  described  as  being  the  organ  of  the  vagus.    Besides 

1  Arch.  f.  Mik.  Anat.,  6d.  22,  Seite  296. 

>  Loc.  cit    See  his  Taf .  II,  Figs.  Ill  4  to  lU  6,  and  Figs.  lY  5  and  IV  6. 
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this  body,  both  Born  and  Froriep  have  described  the  thymus  as 
arising  from  the  third  branchial  pocket. 

A  distinct  fourth  branchial  pocket  does  not  exist  in  this  embryo, 
but  in  its  place  there  is  a  depression  to  either  side  of  the  pharynx, 
beginning  just  below  the  third  pocket  (Fig.  14,/. «.),  and  passing 

ij  downwards,  and  anterior  to  the  trachea.    This  is  nicely  shown 

in  Steida's^  Figs.  6  and  8,  Fig.  8,  schd.y  showing  how  the  aboral 
end  of  this  groove  passes  deep  into  the  tissue  and  a  transverse 
section  cuts  it  off,  thus  giving  the  appearance  of  a  gland.  The 
same  is  shown  in  Bern's'  Fig.  12. 

My  lateral  reconstruction  (Fig.  8,/. «.)  shows  the  position  of  this 
diverticulum,  and  my  dorsal  reconstruction  (Fig.  9)  shows  that 
the  diverticulum  lies  internal  to  the  fourth  aortic  arch.  Had  the 
sections  been  cut  from  a  point  higher  dorsally  and  lower  ventrally, 
it  would  have  thrown  this  body  internal  to  the  fifth  aortic  arch, 
thus  making  it  the  fossa  subbranchialis.  In  Fig.  9,  the  fossa 
can  be  seen  only  on  the  right  side ;  on  the  left  side  it  is  covered 
by  the  fifth  aortic  arch.  Froriep  gives  this  semicircular  slit  in  his 
Fig.  Ill  6  and  marks  its  ventral  end  as  fourth  branchial  pocket. 
In  his  description  (page  24)  he  states  that  in  this  stage  (embryo 
12  mm.  long)  the  fourth  pocket  no  longer  lies  between  the  fourth 
and  fifth  aortic  arches,  but  medianwards  from  them.  The  com* 
munication  of  the  fourth  pocket  with  the  pharynx  is  through  a 
groove  which  reaches  nearly  to  the  pharyngeal  opening  of  the 
third  pocket.    (See  also  his  Figures  III  5,  III  6,  and  IV  6.)    I 

I  do  not  consider  it  proper  to  call  this  slit  the  fourth  pocket,  for 

no  fourth  pocket  remains.  The  pocket  has  fully  disappeared, 
and  now  why  call  a  slit  to  either  side  of  the  pharynx  the  fourth 

!|  pocket,  even  if  it  is  formed  from  the  pocket?    This  groove 

corresponds  very  well  with  the  sulcus  arcuatus  of  His,  but  there 
is  no  fourth  pocket  for  the  sulcus  to  end  in. 

The  median  thyroid  is  composed  of  two  distinct  lobulated 

vascular  lobes,  bound  together  by  a  bridge  which  passes  around 

the  anterior  part  of  the  bulb  of  the  aorta.     There  is  as  yet  no 

I  free  lateral  thyroid  in  the  tissue  of  the  neck,  but,  no  doubt,  it  is 

the  lower  part  of  the  sulcus  arcuatus  which  is  to  form  it. 


II 


I 

■1 


I 


ii 


<  Entvick.  d.  Thymus  01.  Thyroidea,  etc.,  1881. 
'  Loc.  cit. 
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Emiryo  D. 

Nape-breech  length  13J  mm.,  vertex-breech  15  mm.  The 
neck  is  now  quite  well  formed  and  straight.  The  tissues  show  a 
firmer  appearance  and  the  future  bones  are  all  outlined.  The 
eye  is  fully  formed,  well  marked,  and  eyelids  have  appeared. 

The  profile  view  (Fig.  15)  shows  that  the  arterial  system  has 
made  no  marked  advancement.  The  jugular  vein  lies  more 
ventrally  than  formerly,  the  ganglionic  portion  of  the  vagus 
lying  mostly  on  its  dorsal  side.  Relatively  higher  in  the  neck  is 
the  pharynx,  back  of  which  are  the  well  formed  epiglottis  and 
larynx. 

The  ninth  nerve  ganglion  has  not  increased  in  size;  the  seventh 
and  eighth  nerve  ganglion  has  increased  but  slightly;  the 
Gasserian  ganglion  greatly ;  and  the  vagus  enormously. 

The  thyroid  is  a  large  lobulated  gland,  the  lobes  being  con- 
nected by  a  bridge.  Just  opposite  the  middle  of  the  thyroid  the 
thymus  begins.  It  contains  a  lumen  and  extends  into  the  thorax, 
where  it  becomes  quite  lobular. 

With  the  exception  of  the  meatus  there  is  left  no  trace  of  the 
branchial  grooves,  and  the  arches  can  no  longer  be  made  out. 
The  dorsal  reconstruction  shows  a  more  familiar  picture  (Fig. 
16).  The  asymmetry  of  the  whole  picture,  blood-vessels, 
oesophagus,  trachea  and  thyroid,  and  the  twisted  thymus  of  the 
right  side,  all  attract  attention. 

Around  the  ventral  half  of  the  first  branchial  groove  Molden- 
hauer's  coUiculi  branchiales  externi  have  well  marked  the  form 
of  the  external  ear.  Between  the  coUiculi  there  is  a  deep  depres- 
sion, the  meatus,  which  is  formed  to  such  a  great  extent  by  the 
coUiculi  projecting  beyond  the  exterior  of  the  body  that  the 
meatus  must  be  looked  upon  as  being  partly  formed  by  the 
coUiculi  building  a  wall  around  a  part  of  the  branchial  groove. 
The  development  of  the  neck  has  caused  the  meatus  to  be  rela- 
tively nearer  the  spinal  column  than  it  is  in  embryo  C. 

From  the  sections  it  is  seen  that  the  canalis  tubo-tympanicus 
is  relatively  nearer  the  meatus  than  in  embryo  6^,  in  which  the 
meatus  is  at  the  ventral  part  of  the  clefb  and  the  canalis  t.  t. 
at  the  dorsal  part.  The  diameter  of  the  canalis  t.  t.  is  now 
narrower  than  before.  As  to  the  direction  of  the  canalis,  it  is 
now  not  as  much  forward  as  before,  for,  if  its  direction  is  pro- 
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jected  to  meet  the  perpendicular  line  of  the  body,  the  lines  inter- 
sect at  an  angle  of  110°,  while  in  embryo  C  the  angle  is  a  right 
angle.  The  whole  picture  is  much  as  it  is  in  a  chick  of  6  days 
16  hours. 

Fig.  14  (embryo  C)  shows  the  relative  position  of  the  thyroid, 
oesophagus,  trachea,  and  fossa  subbranchialis,  which  is  yet  in 
free  communication  with  the  pharynx.  This  section  can  easily 
be  replaced  in  Fig.  8  and  the  topography  made  out.  In 
embryo  D  a  section  that  falls  immediately  below  the  larynx 
again  gives  nearly  the  same  picture,  with  the  exception  that 
the  aortic  arches  are  not  in  the  field,  and  that  the  fossa  sub* 
branchialis  and  the  median  thyroid  fall  together.  This  change 
in  position  is  again  di£Scult  to  understand  unless  we  again 
imagine  a  stretching  force  to  act  upon  the  neck.  All  we  need 
to  do  in  embryo  C  to  produce  embryo  D  is  to  pull  up  on  the 
larynx.  This  motion  elongates  vein,  vagus,  carotid,  and  thymus, 
and  draws  the  median  thyroid  and  fossa  subbranchialis  (lateral 
thyroid)  into  the  same  field. 

The  lobes  of  the  lateral  thyroid  are  now  not  a  mass  of  indif- 
ferent cells  as  formerly.  The  thyroid  can  now  be  distinctly  sepa- 
rated into  two  parts,  the  old  median  thyroid  and  a  convoluted 
tubule.  The  picture  is  nicely  given  in  Steida's  Figs.  10  and  11. 
At  no  point  is  the  thyroid  connected  with  the  endoderm. 

I  could  not  see  in  any  of  my  preparations  the  carotid  glands 
that  Steida  pictures  and  describes.  In  his  Figs.  8  and  10  the 
carotid  gland  is  attached  to  a  horn  of  what  I  make  out  to  be 
the  fourth  branchial  pocket.  This  horn  I  saw  at  no  time,  but 
cannot  deny  its  presence  in  a  stage  between  embryos  C  and  D. 
Froriep,  who  describes  this  region,  carefully  mentions  a  "  three- 
horned  "  condition  of  the  fourth  pocket.  The  first  two  horns  are 
covered  with  small  masses  of  cells^  and  project  laterally,  while 
the  third  is  a  smooth  slit  and  projects  aborally.  The  laterally 
projecting  pockets  are  no  doubt  the  remains  of  the  fourth  pocket 
proper,*  and  possibly  are  the  projections  that  Steida  called  the 
carotid  glands.  The  third  aboralwards  projecting  pocket  is  the 
fossa  subbranchialis.  Froriep  interprets  these  auxiliary  pockets 
as  rudimentary  branchial  pockets,  a  view  again  advanced  by 

^  Loc.  oit.,  page  24,  '<  mit  Epithelwuoherung  besitzte  Ausbuchtungen," 
^  Also  Froriep'8  riew.    See  his  Figs.  1 1  and  II 5. 
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de  Menron.^  That  the  fonrth  branchial  pocket  plays  a  more 
important  part  in  the  birds  than  in  the  mammals  I  have  already 
shown.'  In  the  chick  the  two  bodies  that  arise  from  the  fourth 
pocket  and  fossa  seem  to  be  homologous  with  the  lateral  thyroid 
gland  in  mammals.  His  states  that  the  lateral  thyroid  gland 
arises  in  the  human  embryo  from  the  lower  part  of  the  sulcus 
arcuatus,  while  Born,  Fischelis,^  and  de  Meuron  place  it  in  the 
fourth  pocket.  But  I  am  convinced  that  the  fourth  pocket  forms 
the  lower  (not  lowest)  part  of  the  sulcus  arcnatus,  therefore, 
originally  the  lateral  thyroid  was  located  in  the  fourth  pocket, 
making  its  origin  agree  very  well  with  the  origin  of  my  corpus  x. 


From  the  first  branchial  cleft  the  Eustachian  tube,  tympanic 
cavity,  tympanic  membrane,  and  meatus  are  formed.  The 
tube  is  formed  directly  from  the  first  cleft  proper,  while  the 
tympanic  cavity  is  a  new  outgrowth  or  dilatation  of  the  outer 
anterior  part  of  the  cleft.  This  new  outgrowth  that  was  first 
described  by  Moldenhauer*  has  been  accepted  by  KoUiker*  and 
Froriep,'  and  lately  again  demonstrated  by  Hoffmann''  and  by 
myself.®  The  tympanic  membrane  is  formed  directly  from  the 
membrane  of  His,  as  I  have  already  demonstrated  in  the  chick. 
Besides  this,  the  dorsal  part  of  the  first  groove  dips  into  the  tissue 
of  the  head,  meets  and  is  absolutely  blended  with  the  ganglion  of 
the  seventh  nerve.  Whether  this  involution  forms  the  whole 
ganglion,  or  whether  it  only  unites  with  the  already  existing 
ganglion,  I  cannot  answer,  for  in  my  youngest  embryo  the 
ganglion  and  ectoderm  are  already  blended.  This  union  is  still 
present  in  embryos  B  and  C, 

The  blending  of  the  ectoderm  of  the  first  cleft  with  the  facial 

^  Recherches  sur  le  d^yeloppement  du  Thymus,  eto.    Inaug.  Diss.    Geneve, 
1886. 

*  Arch.  f.  Anat.  u.  Phys.,  Anat.  Abt.,  1887. 

*  Arch.  f.  Mik.  Anat.,  Bd.  25, 

4  Moldenhauer.    Morphologisohes  Jahrbuch,  1877. 

'^KoUiker.    Batwicklangsgeschichte  d.  Menschen,  etc.,  1879.  Grundriss,  1884, 

*  Froriep.    Loc.  cit. 

'^  Hoffmann.    Arch.  f.  Mik.  Anat,  1884. 

B  Mall.    Studies  from  the  Biological  Laboratory,  Johns  Hopkins  University, 
Vol.  IV,  1888. 
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nerve  was  first  described  by  Van  Wijhe^  in  the  selachian  embryo, 
and  has  since  then  been  verified  in  the  mammalian  embryo  and 
the  chick.* 

The  ganglion  of  the  eighth  nerve  is  in  all  the  stages  connected 
with  the  epithelium  of  the  auditory  vesicle,  as  demonstrated  by 
Marshall*  and  Froriep. 

The  glossopharyngeal  nerve  ganglion  blends  with  the  dorsal 
part  of  the  second  branchial  groove.  The  blending  is  beginning 
in  embryo  Ay  is  complete  in  embryo  jB,  and  is  again  separated  in 
embryo  C. 

The  region  of  the  sinus  praecervicalis  is  of  most  interest,  for  it 
is  from  the  sinus  that  His  states  that  the  thymus  arise.  Already  in 
embryo  A  the  common  depression  of  the  third  and  fourth  bran- 
chial grooves  is  blended  with  the  vagus  ganglion.  In  embryo  B 
two  stages  of  development  of  the  sinus  praecervicalis  are  present. 
On  one  side  the  sinus  is  quite  deep,  while  on  the  other  side  the 
sinus  is  nearly  closed  off,  forming  the  infundibuluin  praec.  and 
fundus  praec.  of  His.  In  the  closing  off  of  the  deeper  part  of  the 
sinus  the  dorsal  part  of  the  fourth  arch  is  included,  as  described 
by  His.  In  embryo  C  the  ectoderm  of  the  sinus  is  nearly  closed 
off  from  the  exterior  of  the  body,  the  connection  being  a  solid 
band  of  epithelial  cells.  In  embryos  B  and  C  the  fundus  prae- 
cervicalis is  absolutely  blended  with  the  lower  part  of  the  vagus 
ganglion.  In  embryos  A  and  B  there  was  absolutely  no  forma- 
tion from  the  third  branchial  pocket.  The  third  pocket  was  yet  a 
slit,  and  at  no  point  was  there  a  thickening  of  the  epithelium.  But 
in  embryo  (7,  where  the  vagus  organ  (sinus)  is  just  about  separated 
from  the  ectoderm,  the  third  pocket  is  converted  into  a  triangular 
body  which  lies  close  upon  and  is  anterior  to  the  vagus.  These 
two  bodies  (see  Figs.  9,  and  10  to  14)  are  fully  separated  from  each 
other,  and  each  has  a  lumen.  The  body  from  the  sinus  prae- 
cervicalis extends  into  the  vagus  nerve  and  is  absolutely  blended 
with  it.  The  body  from  the  third  pocket  lies  anterior  to  the  vagus 
organ,  communicates  with  the  pharynx  and  extends  relatively 

*  Van  Wijhe.    Loc.  cit. 

^  Beard,  Zool.  Anzeiger,  1884.  Froriep,  Arch.  f.  Anat.  u.  Phys.,  Anat.  Abt, 
1885.  Kastscbenko,  Arch.  f.  Mik.  Anat.,  Bd.  30.  Mall.  Kastschenko,  Arch. f . 
Anat.  u.  Phys.,  Anat.  Abt.,  1887.  Beard,  Studies  from  the  Biol.  Lab.,  Owens 
College,  Vol.  I. 

^  Marshall.    Quarterly  Journal  of  Microscopical  Science,  1878. 
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deep  into  the  thorax.  In  embryo  D  the  vagns  organ  has  fully 
disappeared,  and  the  organ  from  the  third  pocket  remains  in  the 
position  that  it  occupied  in  embryo  C. 

What  the  ectodermal  involutions  of  the  branchial  grooves  to 
the  7th,  9th  and  10th  nerves  mean  I  shall  not  attempt  to  say. 
Froriep  says,  page  41 :  "  The  position  of  these  rudimentary  sense- 
organs  is  the  same  for  the  three  nerves ;  the  dorsal  part  of  the 
branchial  clefts.  They  may,  therefore,  for  short,  not  improperly 
be  called  the  '  organs  of  the  branchial  clefts.' "  Page  45  he 
continues:  "  The  branchial  cleft-organs  form  no  definite  structure 
for  the  facial,  glossopharyngeal,  or  vagus  nerves ;  what  is  left  of 
them  is  solely  the  gangUonic  swelling  of  the  nerves,  which  origi- 
nally was  the  ganglionic  base  of  the  sense  epithelium.  These 
ganglia,  ggl.  geniculi,  ggl.  petrosum,  and  ggl.  nodosum,  are  there- 
fore to  be  viewed  as  rudimentary  organs."  This  view  is  also 
brought  out  by  Beard  and  is  accepted  by  Kastschenko.  There 
is,  however,  no  evidence  in  calling  them  "  sense-organs." 

Can  it  now  be  possible  that  the  organ  from  the  third  pocket 
comes  and  disappears  and  that  the  organ  of  the  vagus  leaves  the 
vagus  and  forms  the  thymus  ?  Prof.  His's  error  no  doubt  lies  in 
the  fact  that  the  sinus  praecervicalis  is  long  in  developing.  It 
forms  a  very  conspicuous  body  in  the  region  of  the  thymus.  Just 
as  this  body  from  the  sinus  is  disappearing,  the  thymus  rapidly 
appears  and  takes  its  place.  The  thymus  once  formed,  grows 
rapidly,  and,  therefore,  apparently,  the  former  rapidly  developing 
and  conspicuous  sinus  praecervicalis  is  converted  into  the  thymus. 

I  have  again  studied  my  chick  collection  and  again  make  my 
former  statement,  i,  e.  that  the  thymus  arises  from  the  third 
branchial  pocket.  The  thymus  is  already  beginning  in  a  chick 
of  3  days  7  hours  as  a  slightly  dorsal  outgrowth  from  the  third 
branchial  pocket.  This  outgrowth  gradually  increases  in 
embryos  of  3-16,  3-22  and  4-3  hours,  till  in  the  embryo  of  4-16 
the  thymus  is  being  separated  from  the  pharynx.  (See  Arch.  f. 
Anat.  u.  Phys.  1887,  Plate  II,  Fig.  27.)  The  sinus  praecervicalis 
does  not  play  the  important  part  it  does  in  the  mammalian 
embryo.  In  a  chick  of  4-16  hours  I  could  make  out  quite  a 
definite  union  between  vagus  and  third  branchial  groove.  In 
the  chick  of  4-3  hours  this  union  is  severed,  but  is  still  marked 
by  a  row  of  spindle  cells  passing  from  the  vagus  to  the  third 
branchial  pocket. 
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Dohii)/  and  later  Maorer,'  demonBtrated  that  the  thymas  of 
fishes  arises  from  the  dorsal  end  of  the  branchial  clefts.  This 
seems  to  prove  that  the  thymus  arises  from  both  ectoderm  and 
endoderm,  but  Balfour*  has  shown  that  the  cleft  proper  is  lined 
altogether  with  ectoderm. 

The  different  views  regarding  the  origin  of  the  thymus  in  the 
mammalian  embryo  are  already  known.  It  was  for  a  long  time 
disputed  whether  or  not  the  thymus  arises  from  epithelium. 
Arnold,^  who  was  the  first  to  locate  the  origin  of  the  thymus, 
maintained  that  it  arose  in  common  with  the  thyroid  from  the 
epithelium  of  the  pharynx.  This  statement  was  denied  by  Bis- 
choff,^  then  first  confirmed  and  then  denied  by  Remak.^  Remak's 
last  view  of  the  origin  of  the  thymus  settled  to  most  minds  that 
the  thymus  arises  from  the  mesoderm.  In  two  elaborate  papers 
that  appeared  lately,  one  by  Afanassiew^  and  the  other  by 
Watney,*  this  view  is  confirmed. 

KoUiker's*  investigations  on  rabbit  embryos  led  him  to  believe 
that  the  thymus  arises  from  one  of  the  branchial  clefts,  because  a 
transverse  section  of  a  young  thymus  looked  exactly  like  a  trans- 
verse section  of  a  branchial  cleft.  Steida^®  studied  many  embryos 
and  was  the  first  to  prove  that  the  thymus  arises  from  a  branchial 
cleft.  Bom^  studied  all  the  branchial  clefts  carefully,  and  accord- 
ing  to  his  ingenious  method  made  models  of  this  region.  In  this 
way  he  was  able  to  definitely  locate  the  origin  of  the  thymus  in 
the  third  branchial  pocket.  His  work  has  been  confirmed  by 
Kolliker,"  Froriep,^*  and  de  Meuron." 

'  Dohm.    Mitt,  aus  d.  Zool.  Station  zu  Neapel,  Bd.  6. 
^Maurer.    Morpholog.  Jahrbuoh,  Bd.  11  u.  13. 

'Balfour.    Comparative  Embryology,  1881,  and  Elasmobranch  Fishes,  1878. 
^  Medicinisch-chirurgische  Zeitung,  1831. 
^  Entwicklungsgesohichte,  1842. 
^  Entwicklung  d.  Wirbelthiere,  1855. 
■^Aroh.  f.  Mik.  Anat.,1877. 
'Phil.  Trans.,  1882. 

>  Entwicklungsgeschiohte,  1879,  page  876. 
*<^  Untersuobungen  iiber  d.  Ent.  d.  Gl.  Thjmos,  etc.,  1881. 
"Arch.  f.Mik.Anat.,  1883. 
"  Grundriss,  1884,  page  369. 
"Arch.  f.  Anat  u.  Phys.,  Anat.  Abt,  1885. 

*^  Reoherches  sur  le  d^veloppement  du  Thymas,  etc.     Inaug.  Diss.     Gen^ye, 
1886. 
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and  the  rudimentary  branchial  j 
Kastschenko's  main  argument  foi 
upon  an  embryo  of  about  five  days 
allows  both  ectoderm  and  endodet 
the  triangular  gland  that  ariseB  It 
And  then  in  an  embryo  of  seven  dt 
notices  that  the  thymus  is  double 
and  back  of  the  carotid  artery  ai 
taken  into  consideration  that  the  I 
with  deciding  the  origin  of  a  g 
branchial  pocket  is  converted  into 
sends  a  hollow  prolongation  from 
and  backwards.  This  pointed  pn 
and  fonrth  aortic  arches,  and  at  no  t 
derm  (see  my  plate  II,  Arch,  f  An 
This  sack  arising  from  the  third  poc 
of  from  three  to  six  days  that  it 
already  described  twenty  years  ag< 
taken  up  by  SeesEel.'  It  is  this  bi 
forms  the  gland  in  the  chick,  fin 
thymns,  and  since  then  generally  8 

The  median  thyroid  arises  Itod 
median  union  of  the  two  second  I: 

'  Aaat.  Mensoh.  BmbTToneD,  Tbeil  III,  1 
Abt,  1886. 
<  Arob.  f.  Mik.  Anat.,  Bd.  SB. 
'Arch.  f.  Uik.  Anat.,  Bd.  80.  Arch.  f. 
*His,  TJntemiohaiigetilibetdieenteAn] 
'Arch.  f.  Anat.  n.  PhjB.,  Anat.  Abt.,  If 
*  loon.  phjs. 
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separated  it  is  solid  (embryo  A\  then  separates  from  the  endoderm 
and  becomes  lobulated  (embryo  B\  and  finally  is  divided  into 
two  distinct  lobes  which  are  united  by  a  bridge  around  the 
anterior  side  of  the  larynx*  (embryo  C).  The  lobes  now  lie 
directly  under  the  lower  part  of  the  sulcus  arcuatus  (fourth 
pocket  pulled  out  from  between  the  fourth  and  fifth  aortic  arches, 
and  the  fossa  subbranchialis).  In  embryo  D  the  lobes  of  the 
thyroid  contain  distinct  gland-like  bodies  which  undoubtedly 
arise  from  the  lower  part  of  the  sulcus  arcuatus.  In  the  chick 
the  fourth  pocket  and  the  fossa  subbranchialis  each  forms  a  distinct 
body,  while  in  the  mammalian  the  fourth  pocket  is  pulled  out 
from  between  the  aortic  arches  and  thus  forms  the  sulcus 
arcuatus.  From  the  lower  part  of  the  sulcus  the  lateral  thyroid 
arises. 

The  most  typical  of  the  head  segments  are  within  the  branchial 

region.     Each  segment  is  composed  of  a  nerve,  a  muscle  plate, 

and  an  artery.     The  segments  are  separated  ventrally  by  the 

branchial  clefts.     The  nerve  as  it  is  separated  from  the  neural 

crest  unites  with  the  ectoderm  of  the  dorsal  part  of  the  branchial 

cleft.     This  union  remains  for  a  considerable  time  and  forms  the 

"branchial  sense  organs"  of  the   authors.      But,  besides  this 

union,  the   cleft  forms  glands  which,  if  Balfour's  research   in 

elasmobranch  fishes  is  correct,  must  arise  from  the  endoderm.    In 

those  animals  in  which  the  clefts  do  not  break  through,  these 

glands   arise   from   the   branchial  pockets.     Viewed  from  this 

standpoint  it  makes  it  highly  improbable  that  the  ectoderm  that 

unites  with  the  ciliary  ganglion,  with  the  Gasserian  ganglion, 

with  the  ganglion  of  the  seventh  nerve,  with  the  ganglion  of  the 

ninth  nerve,  and  with  the  ganglion  of  the  tenth  nerve,  should, 

in  the  region  of  the  sinus  praecervicalis,  leave  the  vagus  and  form 

the  thymus,  or  even  aid  in  forming  the  thymus.^ 
Febuary,  1888. 

'After  the  above  paper  was  completed  and  in  the  hands  of  the  publisher,  I 
received  the  preliminary  report  of  an  investigation  by  G.  A.  Piersol  (Ueber  die 
Entwicklung  der  embryonalen  Schlundspalten  und  ihre  Derivate  bei  Sauge- 
thieren.  Sitzungsberichte  der  Wiirzburger  Phys.-medic.  Gesell.,  April,  1888). 
Piersol  finds  that,  in  rabbit  embryos,  the  thymus  arises  mainly  from  the  third 
branchial  pocket,  and  from  his  own  investigation,  as  well  as  from  a  phylogenetic 
standpoint,  excludes  the  ectoderm.  This  statement  confirms  mine  made  in  my 
preliminary  report  (The  Branchial  Region  of  the  Dog,  Johns  Hopkins  University 
Circular,  February,  1888). 
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EXPLANATION  OF  THE  FIGUEES. 

Plates  XIX,  XX,  akd  XXI. 

In  the  figures  the  following  abbreviations  are  used : 
a^y  a\  (fy  a*  and  a*.    Aortic  arches, 
a.  d.    Descending  aorta. 
a.  sub.    Subclayian  artery. 
a.  V.    Auditory  yesicle. 
B,  A.    Bulbus  aortae. 

IniP  or  brg^y  brg^\  5r^"S  brg^'^.    Branchial  grooves. 
br.    Bronchus. 

brp\  brp^y  brp^\  hrj/^.    Branchial  pockets. 
c.  i.    Internal  carotid. 
c.  L  U    Ganalis  tubo-tympanicus. 
ec.    Ectoderm. 
en.    Endoderm. 
/.  8.    Fossa  subbranchialis. 
fun.  prae.    Fundus  praecervicalis. 
O.    Glottis. 

g.  n.    Ganglion  nodosum. 
in,  prae.    Infundibulum  praecervicale. 
L.    Lens  or  lai*ynx. 
M.    Mouth. 

M.  ex.    Meatus  aud.  externus. 
n\  n',  n\  n*,  and  n^^.    Cranial  nerves. 
0.  p.    Olfactory  pit. 
Ph.    Pharynx. 
S.    Thyroid  gland. 

Sup,  max.    Superior  maxillary  process. 
S.  pr.    Sinus  praecervicalis. 
T.    Thymus. 
Tk.    Trunk. 
Tr.    Trachea. 
v.j.    Jugular  vein. 
V.  mb.    Subclavian  vein. 
ly  II,  Illy  IV,  V.    Branchial  arches.  || 


Fig.  1. — Profile  reconstruction  of  embryo  A  (nape-breech  length 
6  mm.).  X  25  diameters.    * 

Fig.  2. — Dorsal  reconstruction  of  the  branchial  region  of  embryo 
-4.  X  50  times. 

Fig.  3. — The  same,  only  that  the  endoderm  is  omitted  and  the 
nerve  ganglia  added. 
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Fig.  4. — Profile  reconstruction  of  embryo  B  (8}  mm.  long).  X  25 
times. 

Fig.  5. — Dorsal  reconstruction  of  the  first  and  second  branchial 
clefts  of  embryo  B.  X  50  times. 

Fig.  6. — The  same*  for  the  third  and  fourth  br.  clefts.  X  50  times. 

Fig.  7. — Section  through  the  branchial  region  of  embryo  B.  X  25 
times. 

Fig.  7  b. — A  reconstructed  sagittal  section  through  the  point 
where  the  ectoderm  blends  with  the  yagus  nerve  ganglion.  Embryo 
B.  X  25  times. 

Fig,  8. — Profile  reconstruction  of  embryo  C  (10  mm.  long).  X  25 
diameters. 

Fig.  9. — The  same,  dorsal  view  of  branchial  region.  X  25  times. 

Figs.  10  to  15. — Sections  through  the  thymus  and  fundus 
praecervicale  of  embryo  C.  X  40  times.  The  sections  are  .02  mm. 
thick. 

Fig.  10  is  section  No.  130. 
11  «        "  134. 

12"        «  136. 

13"        «  139. 

14 "        "  144. 

Figs.  15  and  16. — Profile  and  dorsal  reconstructions  of  embryo  D 
(13i  mm.  long).  X  25  tinies. 
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EXPEBIMENTS  WITH  CHITIN  SOLVENTS.    By  T. 

H.  MORGAN. 

In  the  Zoologische  Ameiger  for  1885  (Vol.  VIII,  p.  333)  there 
appeared  a  short  article  entitled  ^^Neue  Losungsmittel  des 
ChitinB."  These  solvents  are  Labaraqne  solution  (potassium 
hyperchlorite),  and  Javelle  solution,  the  corresponding  sodinm 
coinponnd. 

It  is  there  given  that  the  hardest  chitin  parts  of  insects,  or  of 
other  animals,  may  be  dissolved  completely  by  either  of  these 
solutions,  preference  being  given  to  the  potassium  compound. 
One  also  finds  that  a  solution  of  either  of  the  abovej  diluted  four 
to  six  times  with  water,  will  bring  about  changes  in  the  chitin  not 
visible  perhaps  on  the  exterior,  but  by  means  of  which  the  brittle- 
ness  of  the  chitin  is  removed  and  the  easy  penetration  of  staining 
fluids  brought  about.  In  conclusion,  the  author,  Dr.  Loop,  says 
these  compounds  need  to  be  further  investigated. 

During  the  winter  of  1887-8  I  have  made  use  of  these  fluids 
to  quite  a  considerable  extent,  and  the  following  results  may,  I 
hope,  be  found  of  use  in  dealing  with  parts  of  insects  or  other 
animals  which  contain  chitin. 

Oeneral  Application. — It  so  happened  that  the  first  experi- 
ments were  made  upon  the  eggs  of  the  common  cockroach,  and 
the  selection  turned  out  in  the  end  to  be  a  most  fortunate  one. 
A  great  many  eggs  are  laid  at  onetime,  the  whole  number  being 
surrounded  by  a  stiff  chitinous  coat,  forming  the  so-called  raft. 
A  few  words  are  here  needed  as  to  the  strength  of  the  solution  to 
be  used.  There  are  two  principal  methods  of  application.  The 
commercial  fluid  will  be  called  the  strong  solution  in  the  follow- 
ing account ;  and  the  same  fluid,  diluted  from  five  to  six  times 
with  water,  will  be  called  the  weak  solution.  Later  the  more 
special  application  of  the  liquids  will  be  discussed. 

From  a  very  great  number  of  experiments  the  following 
examples  which  have  proved  the  most  successful  on  the  roach's 
eggs  are  taken. 

1.  The  rafls  were  placed,  while  in  the  fresh  condition,  in  a 
weak  solution  of  the  Labaraque  compound,  and  left  until  the 
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chitinouB  envelope  became  soft  and  transparent.  The  time  varies ; 
if  slighily  warmed  the  time  is  less,  for  the  warm  solution  perhaps 
thirty  minutes  to  one  hour ;  but  one  must  go  more  by  the  appear- 
ance of  the  chitin  than  by  any  definite  time.  If  the  embryos  are 
far  advanced  they  may  now  be  removed  from  the  envelope  one  by 
one ;  if  still  young,  they  had  better  be  hardened  and  cut  all 
together.  In  both  cases  the  eggs  or  embryos  were  next  washed 
for  a  few  minutes  in  water,  and  then  transferred  for  an  hour  to 
picro-sulphuric  acid,  then  as  usual  they  are  passed  through  the 
grades  of  alcohol,  70  per  cent,  80  per  cent,  95  per  cent.  Here 
they  may  be  kept  indefinitely.  When  wanted  for  cutting,  they 
are  carried  through  absolute  alcohol,  then  turpentine  or  chloro- 
form, and  embedded  in  paraffin  in  the  usual  manner.  They 
were  next  cut  on  the  microtome,  fixed  to  the  slide  by  either  the 
collodion,  albumen,  or  alcohol  method,  and  stained,  as  it  is  called, 
"on  the  slide." 

Several  variations  of  this  method  suggest  themselves.  The 
strong  solution  was  at  times  used,  but  its  action  is  of  course  much 
more  rapid  and  powerful.  Instead  of  picro-sulphuric  acid  one 
may  use  a  solution  of  corrosive  sublimate,  and  this  proved  almost 
as  successful  as  the  former  hardening  reagent.  Or  again,  chromic 
acid  was  used  with  fair  results.  Or  the  softened  substance  may 
be  taken  from  the  water  and  run  immediately  through  the 
different  strengths  of  alcohol,  and  here  again  one  gets  about  as 
good  preparations  as  from  the  picro-sulphuric  acid. 

2,  To  specimens  which  have  been  already  hardened  and  pre- 
served the  solvent  may  also  be  applied ;  but  in  all  cases  where 
fresh  material  is  easily  obtainable,  it  should  immediately  have  its 
chitin  softened  and  then  afterwards  be  preserved.  Here  the 
method  is  somewhat  shorter,  since  the  substance  has  been  previ- 
ously hardened.  From  alcohol — weak  solution — they  are  put 
into  the  Labaraque  and  softened  as  above,  then  passed  through 
water  and  the  alcohols,  etc. 

In  most  cases  in  which  an  animal  egg  or  embryo  is  encased  in 
chitin,  the  best  results  have  been  obtained  by  staining  the 
sections  after  they  have  been  cut  and  fixed  to  the  slide.  If  the 
specimen  is  small,  staining  in  toto — after  having  the  chitin 
softened,  or  if  before  this  has  taken  place,  after  having  made  an 
entrance  through  the  chitin  with  a  point  of  a  needle — is  equally 
good.    The  greatest  difficulty,  and  practically  the  only  one  which 
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one  meets  with,  is  that  the  Labaraque  solution  not  only  attacks 
the  chitin  itself,  but  after  a  time  the  soft  tissues  of  the  animal — 
apparently  the  connective  tissue.  Where  the  chitin  surrounds 
the  object  completely,  as  in  the  case  with  the  roach's  raft,  one 
can  remove  the  object  from  the  solution  as  soon  as  the  chitin  is 
softened  and  before  the  underlying  parts  have  been  attacked. 
In  cases  like  this  the  solvent  is  at  its  best. 

Yery  often,  however,  the  soft  tissues  of  the  animal  are  exposed 
in  places  between  the  chitin  covering.  This  is  well  illustrated  by 
the  joints  of  insects'  legs,  etc.,  and  very  frequently  these  exposed 
places  are  attacked  before  the  chitin  is  completely  softened,  thus 
causiug  the  joints,  if  much  handled,  to  fall  apart. 

By  judiciously  diluting  the  solution  and  taking  the  parts  to  be 
softeued  from  it  before  the  joints  are  attacked,  one  will  find  its 
application  practicable  even  here. 

The  greatest  difficulty  of  all  is  when  the  chitin  is  internal, 
completely  surrounded  by  soft  tissue.  So  far  as  I  have  made  any 
experiments  here,  I  find  that  one  gets  better  results  with  very 
dilute  solutions — diluted  from  eight  to  ten  times,  or  even  more. 
It  must  be  admitted  that  in  this  last  case  the  application  of  the 
solvent  is  more  doubtful,  and  of  not  nearly  so  much  service  as  in 
the  £rst  and  second  supposed  cases. 

Strong  solutions,  then,  had  better  be  used  only  when  the  chitin 
completely  surrounds  the  soft  animal  parts,  and  dilute  solutions 
must  be  used  in  all  cases  where  these  latter  substances  are  exposed. 
The  solution  not  only  softens  the  chitin,  but  removes  all 
pigment  either  in  the  chitin  or  in  the  tissue  beneath,  and  this  is  at 
times  advantageous.  Dr.  Loop  suggests  in  his  article  that 
chlorine  is  the  active  agent  in  bringing  about  these  changes. 
Acting  upon  this  suggestion,  a  few  experiments  were  made  with 
a  strong  solution  of  chlorine  water ;  but  although  the  chitin  was 
to  some  extent  affected,  this  took  place  very  slowly  and  incom- 
pletely, showing  that  something  else  in  the  compound  besides 
free  chlorine  is  brought  into  play. 

The  greatest  difficulties  have  always  been  experienced  by  those 
who,  in  making  sections,  have  had  to  deal  with  chitin  ;  and  while 
these  solutions  cannot  in  every  case  be  used  to  advantage,  yet  I 
believe  that  in  a  very  great  number  of  cases  they  will  be  highly 
useful,  and  by  their  application  difficulties  which  have  been  here- 
tofore practically  insuperable  may  be  overcome. 
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SOME  OBSERVATIONS  ON  THE  EFFECT  OF 
LIGHT  ON  THE  PRODUCTION  OF  CARBON- 
DIOXIDE  GAS  BY  FROGS.  By  H.  NEWELL  MAE- 
TIN,  M.  D.,  F.  R.  S.,  and  JULIUS  FRIEDEN WALD,  B.  A. 

The  influence  exerted  by  light  on  the  metabolisms  of  the  animal 
body  has  been  recognized  for  some  fifty  years. '  The  first  thorough 
and  carefully  executed  work  on  this  subject  was  published  by 
Moleschott.^  That  writer  concluded  from  a  large  number  of 
experiments  on  frogs,  that  these  animals  expire,  under  similar 
temperature  conditions,  ^V  *^  i  more  carbondioxide  in  the  light 
than  in  the  dark;  that  the  greater  the  intensity  of  the  light,  the 
greater  the  quantity  of  carbondioxide  produced ;  and  furthermore, 
that  this  action  of  the  light  is  effected  not  only  through  the  eye  but 
also  through  the  skin .  Since  the  publication  of  Moleschott's  work, 
many  observers  have  investigated  this  phenomenon.  In  general 
the  conclusion  has  been  reached  that  animals  of  the  same  species, 
kept  at  uniform  temperature,  expire  for  each  gram  of  body-weight 
more  COs  per  hour  in  light  than  in  darkness,  and  that  the 
quantity  of  carbondioxide  produced  varies  with  the  temperature, 
the  intensity  and  color  of  the  light,  and  the  species  of  animal 
employed. 

As  it  had  been  demonstrated  that  the  increase  in  the  produc- 
tion of  carbondioxide  brought  about  by  light  is  effected  mainly 
through  the  optic  nerve,  we  endeavored  to  determine  during  the 
months  of  February,  March,  April  and  May  whether  this  action 
is  merely  reflex,  or  whether  it  depends  on  psychical  conditions  in 
which  the  cerebral  hemispheres  are  concerned.  For  this  purpose 
the  cerebral  hemispheres  of  a  dozen  frogs  of  the  species  Rana 
Catabiana  (nearly  all  of  the  frogs  weighed  over  100  grams)  were 
removed,  care  being  taken  to  avoid  touching  or  in  any  way 
injuring  the  optic  nerves.  The  frogs  were  then  put  aside  and 
carefully  watched  until  the  wounds  had  healed.  None  of  the 
frogs  were  used  in  any  of  our  experiments  until  a  month  after 
the  operation  had  been  performed,  at  a  time  when  all  traumatic 
inflammation  had  passed  off.  In  every  case  a  post-mortem  exami- 
nation was  made  to  determine  whether  the  optic  nerves  had  been 
cut  or  injured. 

» Wiener  Med.  Wochenschrift,  1855. 
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The  apparatus  used  for  measuring  the  quantity  of  carbon- 
dioxide  produced  was  in  the  main  similar  to  that  employed  by 
Moleschott.  The  frogs  were  placed  within  a  bell-jar,  the  bottom 
of  which  was  immersed  in  a  shallow  vessel  containing  mercury. 
The  air  led  to  the  bell-jar  passed  through  a  flask  containing  a 
strong  solution  of  caustic  potash,  connected  with  which  was  a 
U-tube  filled  with  caustic  potash,  which  led  to  a  similar  U-tube 
communicating  with  the  bell-jar.  Connected  with  the  exit  side 
of  the  bell-jar  was  a  flask  containing  concentrated  sulphuric  acid, 
followed  in  turn  by  a  U-tube  containing  bits  of  calcium  chloride, 
a  weighed  caustic  potash  U-tube,  a  weighed  Geissler's  bulb  with 
its  caustic  potash,  two  more  weighed  caustic  potash  U -tubes, 
another  calcium  chloride  U-tube,  a  flask  containing  a  solu- 
tion of  barium  hydrate,  another  calcium  chloride  tube,  and 
finally  an  aspirator.  The  air,  freed  of  all  carbondioxide,  entered 
the  jar  containing  the  frogs.  From  here  the  carbondioxide  given 
off  by  the  frogs  passed  through  the  sulphuric  acid  and  calcium 
chloride,  where  it  was  freed  of  all  moisture,  and  thence  entered 
the  weighed  caustic  potash  tubes,  by  which  it  was  absorbed.  The 
baryta  bulb  placed  beyond  these  tubes  to  indicate  whether  all  the 
carbondioxide  had  been  absorbed  by  the  caustic  potash  tubes 
never  showed  the  slightest  trace  of  a  precipitate.  All  the  con- 
nections were  hermetically  sealed,  so  that  no  air  could  enter  nor 
;'  I  gas  escape  except  through  the  regular  channel,  and  tests  were 

made  in  this  respect  until  we  were  confident  that  this  end  had 
been  attained.  The  apparatus  was  placed  in  the  "  dark  room  " 
of  the  biological  laboratory,  which  could  be  made  perfectly  dark 
or  moderately  illuminated  at  pleasure.  The  caustic  potash  bulbs 
having  been  carefully  weighed,  the  frog  was  weighed  and  placed 
under  the  bell-jar,  the  aspirator  was  started  and  the  current  of 
air  regulated,  and  thus  the  experiment  began.  Each  experi- 
ment lasted  twelve  hours,  and  hourly  the  temperature  of  the 
room  was  taken  and  an  average  made.  After  the  experi- 
ment the  caustic  potash  bulbs  were  again  weighed,  and  from  the 
weight  of  the  animal  and  the  weight  of  the  carbondioxide  given 
off,  the  quantity  of  carbondioxide  produced  was  calculated  for 
twenty-four  hours  for  each  hundred  grams  of  frog. 

The  first  experiments  were  performed  with  normal  frogs,  and 
Moleschott's  conclusion  was  confirmed  that  these  animals  expire 
more  carbondioxide  in  the  light  than  the  dark.    The  actual  figures 
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are  given  in  the  subjoined  table.  Twenty-six  experiments  (13  of 
which  were  in  the  light  and  13  corresponding  ones  in  the  dark) 
were  performed  on  frogs  deprived  of  their  cerebral  hemispheres. 
Of  these  it  will  be  observed  that  in  only  two  instances  (experi- 
ments Nos.  4  and  7)  was  there  an  excess  of  carbondioxide 
obtained  in  the  dark ;  and  as  the  frogs  used  in  these  instances 
were  very  small,  weighing  respectively  44  and  42  grams,  it  can 
readily  be  understood  how  an  error  might  arise  in  dealing  with 
the  very  small  quantities  of  carbondioxide  given  oflF  by  these 
frogs.  In  all  other  instances  the  quantity  of  carbondioxide  was 
found  to  be  greater  in  the  light  than  in  the  dark.  All  experi- 
ments bracketed  together  were  performed  on  the  same  frog,  and 
it  is  worthy  of  mention  that  much  less  carbondioxide  was  given  off 
on  rainy  or  cloudy  days  in  the  light  than  on  bright  days.  Thus 
in  experiments  14,  15  and  16  we  find  the  figures  848  and 
852  on  bright  days,  while  678  was  obtained  on  a  cloudy  day. 

It  is  also  interesting  to  note,  that  comparing  the  quantities  of  CO  3 
obtained  from  frogs  with  their  hemispheres  removed  with  those 
obtained  from  normal  frogs,  we  find  that  most  of  the  former 
figures  fall  within  the  maximum  and  minimum  limits  of  the 
latter.  Making  the  same  comparison  of  the  former  figures  with 
those  obtained  from  normal  frogs  by  Moleschott,  all  of  the  latter 
also  fall  within  those  limits ;  from  which  we  may  conclude  that  the 
cerebral  hemispheres  exercise  no  control  on  the  oxidations  in 
the  frog's  body.^  This  is  well  shown  in  experiments  2,  3 
and  11,  in  which  the  same  frog  was  used.  This  frog  was 
normal  in  experiments  Nos.  2  and  3,  and  afterwards  its  cerebral 
hemispheres  were  removed. 

Our  next  endeavor  was  to  determine  whether,  in  frogs  deprived 
of  their  cerebral  hemispheres,  the  light  acts  only  through  the  eye 
or  also  partly  through  the  skin.  For  this  reason  a  frog  was 
blinded  by  removing  its  eye-balls,  and  the  quantity  of  carbon- 
dioxide given  off  in  the  light  and  dark  determined.  From  a 
glance  at  the  table  it  is  evident  that  under  these  conditions  a 
greater  quantity  of  carbondioxide  was  obtained  in  the  light  than 
in  the  dark,  although  our  differences  in  this  regard  are  not  as 
great  as  those  obtained  by  Moleschott.     This  less  difference  may 

^Corin  and  Beneden  came  to  a  similar  conclasion,  working  on  pigeons. 
Archives  de  Biologie,  Tome  VII,  Pasc.  II,  1887. 
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be  due  to  the  fact  that  our  frogs  wheu  exposed  to  light  were  in  a 
room  with  walls  painted  black,  and  therefore  not  very  brightly 
illuminated. 

As  the  result  of  our  experiments  we  believe  we  are  justified 
in  concluding  that  in  frogs  deprived  of  their  cerebral  hemi 
spheres  a  greater  quantity  of  carbondioxide  is  given  oflF  in  the 
light  than  in  the  dark ;  that  therefore  the  influence  of  light  in  pro- 
ducing greater  oxidations  in  normal,  frogs  is  simply  reflex,  and 
not  due  to  greater  bodily  activity  brought  about  by  psychical 
conditions  dependent  on  the  light ;  that  the  cerebral  hemispheres 
do  not  take  any  direct  part  in  regulating  the  oxidations  of  the 
frog's  body;  and  that  this  reflex  action  of  the  light,  though 
mainly  effected  through  the  eye,  is  produced  partly  also  through 
the  skin. 

Table. 
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Date. 
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1 
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20. 

20.5 
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12 
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spheres. 
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<( 

19 
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• 
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<( 

26 
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24.68 
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24.50 
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^ 
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1 
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1 
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Frogs  deprived  of  their 
cerebral  hemispheres 
and  also  blinded. 
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ON  THE  COMPARATIVE  PHYSIOLOGICAL 
EFFECTS  OF  CERTAIN  MEMBERS  OF  THE 
ETHYLIC  ALCOHOL  SERIES  (CH.O  to  &H11O) 
ON  THE   ISOLATED   MAMMALIAN  HEART. 

By  JOHN  C.  HBMMETEB,  M.  D. 

The  literature  on  the  subject  of  the  physiological  activity  of 
alcohols  is  very  extensive ;  its  abnormal  growth  appears  to  those 
who  stndy  and  make  an  effort  to  keep  abreast  of  the  progress  and 
advancement  of  experimental  therapeutics,  ont  of  all  proportion 
to  any  real  increase  in  our  knowledge  of  the  subject.  In  attempt- 
ing, therefore,  a  very  brief  review  of  the  scientific  work  that  has 
been  done  in  this  direction,  all  speculative  literature  is  excluded. 

One  of  the  earliest  series  of  investigations  on  the  comparative 
physiological  effects  of  alcohols  is  reported  in  Liebig's  Annalen 
(d.  Chemie  u.  Pharmacie,  LXXIII,  p.  213)  for  1850,  by  T.  Schloss^ 
berger,  who  worked  under  Griesinger.  This  report  is  very 
incomplete,  stating  simply  that  chemically  pure  methyl  and 
amyl  alcohol  were  experimented  with,  and  that  their  action  is 
similar  to  that  of  ethyl  alcohol.  As  regards  intensity  of  action, 
amyl  alcohol  did  not  exceed  ethyl  and  methyl  alcohol.  The 
animals  experimented  upon  were  cats,  dogs,  and  rabbits.  The 
statement  of  method  employed  and  of  the  results  is  quite  unsatis- 
factory. 

Nothnagel  and  Rossbach,  in  their  "Handbuch  der  Arznei- 
mittellehre  "  (1880,  p.  340),  give  an  account  of  experiments  with 
the  first  five  members  of  the  ethylic  alcohol  series.  The  action  of 
all  is  said  to  be  similar  in  quality  but  differing  in  quantity. 
The  poisonous  property  increases  with  the  molecular  structure, 
being  least  marked  with  methylic  and  most  marked  with 
amylic  alcohol.  On  the  authority  of  a  thesis  by  A.  F.  A.  Gros, 
"  L'action  de  I'Alcool  amylique  sur  I'Organisme,"  Strassbourg, 
1863,  Nothnagel  and  Bossbach  give  a  definite  numerical  relation- 
ship, stating  amylic  to  be  thirty  times  as  poisonous  as  methylic  and 
fifteen  times  as  poisonous  as  ethylic  alcohol.    From  this  one  would 


J 


1 1 


226  JOHN  C.  HEMMETER, 

be  justified  in  concluding  that  Gros  found  ethyl  to  be  fifteen 
times  stronger  than  methyl  alcohol. 

Dujardin  Beaumetz  and  Audig6  have  published  a  series  of 
investigations  on  the  comparative  toxic  properties  of  the  alcohols, 
in  Oompt.  rend.  LXXXI,  p.  162-154,  and  LXXXIII,  p.  80,  which 
are  abstracted  as  follows  in  the  Journal  of  the  Chemical  Society, 
Vol.  29, 1886,  and  Vol.  30,  p.  539.  *^  These  experiments  consisted 
in  administering  varying  proportions  of  ethylic,  propylic,  butylic, 
and  amylic  alcohols  to  various  dogs,  the  quantities  in  some  cases 
being  passed  into  the  stomach,  in  others  injected  under  the  skin. 
The  weight  of  the  doses  administered  was  in  every  case  kept  in 
ratio  to  the  weight  of  the  animal  operated  upon.  The  following 
conclusions  are  drawn  from  the  results : 

"  1.  The  toxic  properties  of  fermentation  alcohols  follow  their 
atomic  composition  in  a  sort  of  mathematical  order.  The  higher 
the  figures  representing  the  atomic  composition,  the  more  con- 
siderable is  the  toxic  effect.  This  is  equally  true  whether  they 
are  injected  under  the  skin  or  introduced  into  the  stomach. 

"  2.  For  the  same  alcohol  the  toxic  action  is  greater  when  the 
dose  is  administered  through  the  stomach  than  subcutaneously ; 
in  the  latter  case  the  toxic  effect  is  increased  by  dilution. 

"  3.  The  toxic  phenomena  are  the  same  for  all  alcohols,  save  in 
the  degree  of  intensity.  The  injuries  caused  follow  in  a  pro- 
gressive scale  from  the  ethylic  to  the  amylic  alcohol.  The 
injuries  to  the  mucous  membrane  of  the  stomach  being  just  as 
great  whether  the  alcohols  are  administered  subcutaneously  or  are 
ingested  by  the  stomach.  Severe  congestion  of  the  small  intes- 
tines was  noticed  in  some  cases,  in  whichever  way  the  alcohols 
had  been  administered ;  and,  moreover,  it  was  noticed  that  for  the 
same  alcohol,  the  congestion  and  pulmonary  apoplexy  were  most 
frequent  when  the  alcohol  had  been  administered  by  the  stomach." 

In  the  "  Bulletin  gen.  de  th^rap.,"  September  30, 1884,  p.  251, 
Dujardin  Beaumetz  and  Audig6  gave  the  following  table  of 
doses  of  alcohols  per  kilogram  weight  of  animal,  causing  death 
in  24  hours : 

Pure.  Diluted. 

Ethyl,  8.00  grams.  7.75  grams. 

Propyl,  2.90      "  3.75      " 

Butyl,  2.00      "  1.85      " 

Amyl,  1.70      "  1.50-1.60      " 
Methyl,             ...        ''  7.00      " 
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Diijardin  Beanmetz  and  Audig^'s  experiments  have  been  in 
part  repeated  by  Stenberg  (Sten  Nagra  experimentela  bidrag 
till  belysande  af  fr&gan  om  det  inflytaupe,  som  brauvinets 
fororeningar  hafrapa  dess  fysiologiska  verkningar),  Nordiskt 
Med.  Arkiv,  B.  X,  N.  21. 

This  observer  believes  that  the  methods  of  the  French  investi- 
gators have  led  them  to  defective  results.  By  injecting  the 
alcohols  subcutaneously  in  the  doses  used  by  them,  he  found 
them  to  cause  great  pain,  irritation  and  suppuration.  He  holds 
that  the  amount  of  glycerine  with  which  Dujardin  Beaumetz 
and  Audig6  mixed  the  alcohols  before  subcutaneous  injection 
is  itself  sufScient  to  cause  death. 

In  Pfltiger's  Archiv  for  1874,  Vol.  VIII,  p.  605,  are  pub- 
lished a  series  of  r^sum^s  of  experiments  by  J.  Dogiel,  which 
are  often  referred  to  as  proving  that  alcohol  really  stimulates  the 
heart  and  raises  blood-pressure.  According  to  Wood's  Hand- 
book of  Therapeutics,  it  is  affirmed  by  Dogiel  that  arterial  pres- 
sure is  at  first  increased  and  then  diminished.  During  the 
latter  state  the  vaso-motor  centres  are  found  to  be  incapable  of 
responding  to  stimulation.  The  rate  of  the  heart-beat  is  stated 
to  be  at  first  increased,  then  diminished,  then  increased  ;  the  first 
increase  being  owing  to  the  stimulation  of  the  accelerators,  the 
diminution  to  stimulation  of  the  vagus,  and  the  final  increase  to 
paralysis  of  the  same.  This  experimental  evidence  seems  to 
Wood  to  confirm  the  clinically  known  fact  that  alcohol  in 
moderate  amounts  powerfully  stimulates  the  heart  and  circulation, 
but  in  poisonous  doses  diminishes  both  the  force  and  frequency 
of  the  pulse. 

Another  contribution  to  our  knowledge  of  the  physiological 
action  of  alcohol  which  has  scientific  merit  is  that  of  Dr.  H. 
Zimmerberg  (Untersuchungen  liber  den  Einfluss  des  Alcohols 
auf  die  Thatigkeit  des  Herzens.  Dorpat,  1869).  These  studies 
were  carried  on  with  men  and  frogs,  rabbits  and  cats.  "  Zimmer- 
berg asserts  that  alcohol  causes  a  decided  reduction  of  the  pulse 
rate  and  of  arterial  pressure.  If  the  vagi  were  cut  during  this 
depression,  a  sudden  rise  beyond  the  normal  point  in  both  pulse 
rate  and  arterial  pressure  occurred.  When  the  alcohol  was 
injected  towards  the  heart  into  the  jugular  vein,  the  fall  in  the 
arterial   pressure  was  almost  instantaneous   and  very  marked. 
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After  section  of  the  vagi  the  alcohol  leeeened  the  arterial  pres- 
snre  withont  afiecting  the  pvlBe  rate."  As  these  observatiooB  are 
opposed  to  clinical  experience,  it  waa  presumed  that  some  fallacy 
mast  be  nnderlying  them,  which  was,  by  Wood,  found  in  the  enor- 
mous doses  of  alcohol  ased  by  Zimmerberg.  According  to  Dr. 
J,  W.  Warreo  (Alcohol  Again,  Boston  Medical  and  Surgical 
Jonroal,  Jnly  7  and  14, 1887),  the  dissertation  of  Zimmerberg 
does  ehow  large  doses  for  frogs,  rabbits,  and  cats,  bat  it  cannot 
be  urged  tliat  those  given  to  men  were  nndnly  large.  On  the 
whole,  it  seems  to  us  that  in  some  of  his  coDclosions  Zimmer- 
berg has  the  weight  of  later  evidence  in  his  favor. 

It  will  not  prove  expedient  to  quote  here  the  experiments  of 
Parkes  and  WoUowicz  upon  man  in  esctenso ;  they  show  the 
accelerating  effect  apon  the  heart-beart  by  sphygmographic 
tracings,  which,  however,  give  no  distinct  indication  of  increased 
arterial  pressure.  These  results  are  similar  to  those  of  Dr. 
Edward  Smith  (On  the  action  of  foods  on  the  respiration  daring 
the  primary  processes  of  digestion.  Phil.  Trans.,  Vol.  149, 
p.  731).  The  experiments  of  Parkes  and  "Wollowicz  were  not 
carried  out  with  pare  alcohol,  but  with  brandy,  and  the  results 
of  both  of  these  observers,  together  with  thc»e  of^Dr.  Edward 
Smith,  have  been  partially  corrected  by  experiments  made  with 
pure  ethyl  alcohol,  by  Martin  and  Stevens,  and  published  in  a 
previous  number  of  this  Journal,  and  the  present  series  of 
experiments  are  a  continuation,  or  rather  an  outgrowth  from 
those  made  by  the  last  named  workers. 

We  come  now  to  speak  of  a  series  of  experiments  by  Sydney 
Kinger  and  Harrington  Sainsbury,  published  in  Vol.  30, 1883, 
p.  339  of  the  London  Practitioner  (Observations  on  the  relative 
effects  of  certain  members  of  the  ethylic  alcohol  series  on 
the  ventricle  of  the  frog's  heart).  "  The  object  of  these  experi- 
ments was  to  determine  the  relative  physiological  activity  of 
certain  members  of  the  above  series.  The  dose  of  any  particular 
alcohol  requisite  to  abolish  the  function  of  the  frog's  ventricle 
gave  the  measure  of  the  activity  of  this  alcohol.  The  following 
alcohols  were  taken  :  methylic,  ethylic,  propylic,  bntylic,  amy  lie. 
The  normal  alcohols  of  the  first  three  were  selected ;  of  the 
last  two  the  isomerics  were  taken,  viz.  iso-  and  pseudo-butyl 
alcohol  and  isoamyl  alcohol.     In  addition  to  these,  isopropylic 
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alcohol  was  experimented  with.  The  firet  three  membere  alone 
of  the  aeries  are  coneeqneDtly  more  Btrictlj  comparable  if  the 
olg'ect  in  view  be  the  relation  between  molecalar  constitution 
and  physiological  activity.  But  from  a  practical  point  of  view 
the  whole  series  must  be  brought  in,  for,  of  the  above,  propylic, 
batylic,  and  smylic  alcohols  constitnte,  for  the  most  part,  the 
fnsel  oil  which  contaminates  beer,  wine  and  spirits." 

The  experiments  of  Binger  and  Sainsbary  were  made  with  a 
Roy  tonometer ;  the  circulating  flnid  consisted  "  of  a  eolation  of 
desiccated  bullock's  blood  in  water,  of  abont  the  concentration  of 
normal  blood ;  this  was  further  diluted  with  two  and  a  half  times 
its  volume  of  saline,  0.6  per  cent.  The  ligature  was  applied  as 
nearly  as  possible  in  the  auriculo-ventricular  groove.  The  heart, 
thas  fed  with  the  blood  mixture,  as  a  rule  began  soon  to  beat  spon- 
taneously. At  definite  intervals  of  time  the  drag  was  now  added 
to  the  whole  mass  of  the  circulating  fluid.  The  dosage  was 
maintained  nniform,  and  was  such  as  previous  experiment  had 
shown  to  be  sufficient  to  arrest  the  heart  within  an  hour  approxi- 
mately. The  restriction  of  time  was  for  the  purpose  of  elimi- 
nating the  error  due  to  the  natural  process  of  dying. 

"  The  fhnctions  of  the  ventricle  were  in  each  case  completely 
abolished  by  the  end  of  the  experiment,  so  that  the  ventricle 
neither  beat  spontaneonsly  nor  responded  to  electric  excitation." 

This  is  all  that  Kinger  and  Sainsbury  state  of  their  method, 
and  is  not  as  explicit  as  might  be  desired.  They  state  that  all 
of  the  alcohols  examined  arrested  the  heart  in  diastole.  The 
following  quantities  (in  minims)  of  the  various  alcohols  were 
required  to  accomplish  this  effect : 

HethrU  Ethyl.  Prqprl.  Butyl,  Amjl, 

CH,0.  C,H,0.  C,H,0.  C,H,„0.  C,H„0. 

205.5  114  59.3  17  6.6 

The  same  quantities  expressed  in  ouhic  centimetres  would 
appear  as  follows : 

Methyl.  Bihyl.  Propyl.  Butyl.  Amy  I. 

12.1  6.73  3.5  1  0.4 

Attention  is  called  to  the  rapidly  ascending  ratio  of  activity  as 
we  pass  from  the  lower  and  simpler  alcohol  to  the  higher  and 
more  complex  members  of  the  series ;  hence  the  first  proposition 
is,  that  activity  increases  with  the  complexity;  secondly,  our 
attention  is  called  to  the  fact  that  the  numbers  of  the  first  three 
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memberg  Btand  to  each  other  very  nearly  id  geometric  progree- 
Bion.  "  The  ethylic  nnmber  is  half  the  methylie,  the  propylic 
half  the  ethylic.  The  batylic  and  amylic  nnmberB  do  not  fit  in 
the  series,  it  is  true ;  they  do  not,  however,  show  any  falling  off 
in  activity,  bnt  rather  an  increase."  Continuing,  Ringer  and 
Sainsbnry  explain  their  physiological  reaalts  by  stating  that  a 
difference  of  CH,,  which  is  that  by  which  each  molecule  in  the 
series  differs  from  its  "  preceding  and  succeeding  terms,  is 
capable  of  halving  or  donbling,  ae  the  case  may  be,  the  activity 
of  the  molecale ;  each  CHg  gronp  may  be  said,  in  a  way,  to  have 
its  physiological  equivalent.  The  proposition  deduced,  in  short, 
is,  that  as  long  as  the  arrangement  of  the  nnits  is  similar,  as 
long  as  the  lines  of  the  structure  remain  the  same,  the  addition 
or  subtraction  of  each  unit  will  carry  with  it  a  definite  and  con- 
stant difference.  Mr.  Perkin  is  said  to  have  demonstrated  as 
much  for  certain  of  the  alcohol  series,  having  shown  that  under 
certain  definite  conditions  the  addition  of  each  CH,  corresponds 
to  a  definite  qnantitative  difference  in  the  degree  of  polarization 
of  light  which  the  particular  alcohol  is  capable  of  effecting," 
Three  main  conclusions  are  finally  arrived  at,  viz: 

1.  Thequalitativesimilarity  of  action  of  the  different  members 
of  the  alcoholic  aeries. 

2.  The  general  quantitative  relationship,  viz.  that  as  the  com- 
plexity of  the  molecule  increases,  the  physiological  activity 
increases. 

3.  The  probability  of  a  farther  quantitative  relationship,  viz. 
that  the  constant  chemical  difference  is  corresponded  to  "  by  a 
constant  physiological  difference ;  that  each  additional  OHj  gronp 
increases  the  activity  by  a  definite  amount" 

The  work  of  Ringer  and  Sainshury  gives  no  evidence  of  any 
primary  stimulation  or  increased  frequence  or  force  of  the 
heart's  contractions,  on  which  point  Dogiei  attempted  to  confirm 
clinical  experience;  the  results  of  the  authors  above  rather  con- 
firm those  of  Prof.  Martin,  that  the  stimulation  effect  is  not 
the  result  of  direct  action  on  the  cardiac  tissues. 

The  objections  that  can  be  urged  against  the  work  of  Ringer 
and  Sainsbury,  as  reported  in  the  Practitioner  for  1883,  are  first, 
lack  of  clearness  in  the  statement  of  the  method;  second, 
employment  of  rather  strong  solutions  of  the  alcohols.  In  the 
account  of  the  method,  the  exact  amount  of  the  circulating 


PHY8I0L00I0AL  EFFECT  OF  ALCOHOLS,        231 

finid  ie  not  stated,  and  we  would  not  know  bow  strong  a  per- 
centile the  circulating  blood  contained  of  alcohol  if  we  were  not 
told  (p.  343)  that  diluting  the  poisoned  circulation  "  with  its  own 
bulk  (100  cc.)  of  salioe,  0.6  per  cent,  caused  qnick  recovery." 
Here  we  learn  that  the  quantity  of  the  solution  of  blood  first  used 
in  each  experiment  was  100  cc. 

The  fact  that  dilution  of  the  poisoned  blood  as  stated  above 
caused  quicker  recovery,  seems  to  show  that  it  is  not  the  entire 
quantity  of  alcohol  which  flows  through  the  heart  in  the  whole 
experiment  which  ought  to  be  taken  into  account,  so  much  as 
the  percentage  strength  which  flows  throngh  the  heart  at  any  one 
time.  As  the  quantity  of  the  circulating  fluid  was  100  cc.,  we 
may  arrive  at  the  average  percentage  strength  of  the  solutions  of 
Binger  and  Sainsbury  by  determining  what  per  cent  the  various 
amounts  of  different  alcohols  which  they  found  necessary  to 
arrest  the  heart,  are  of  the  whole  solution  (100  cc).  Thus  we 
find  that  solutions  of  the  following  strengths  were  used : 

MetbrI-  Bthrl.  Prop7l.  Butrl.  Amrl. 

12.1  percent.   6.73percent.  3.5percent.  Ipercent.    .4percent. 

Solhtions  as  strong  as  these  used  upon  isolated  dogs'  hearts 
would  cause  instantaneous  death.  Calculating  the  weight  of  the 
number  of  cc.  of  various  alcohols  used  by  Ringer  and  Sainsbury 
in  grams  (from  the  specific  gravity  tables  of  Landolt  and  Bijm- 
stein),  the  following  number  of  grams  are  found  to  have  been 
euiployed  in  each  case : 

Methyl  alcohol, 9.6316  grams. 

Ethyl        "  5.3413 


Propyl 
Butyl 
Amyl 


To  show  the  exceedingly  large  doses  used  by  Ringer  and 
Sainsbury,  I  suffix  for  sake  of  comparison  the  table  of  Dujardin 
Beaumetz  and  Audig4 : 


AloohoU.    - 

(pure>. 

Glrcprioo- 

Br  stomach  with 
Olycerlno. 

Fatal  Dose 

(irniniB)- 

Doathln 
hours. 

Fatal ]>osa 

In  KraniB. 

Death  in 
hours. 

Fatal  Doie 
In  Knimi. 

Death  In 
hours. 

EthylCH.O... 
Propyl  O.H,0. . 
BntTlC^H,.0.. 
ArorlC.H„0.. 

4-4,5 

2-2.B 

1.8-2.8 

3S-48 
2-7 

7.3 

3.0-3.6 
l.» 
1.3-1.63 

24 

34-86 

25 

5.6-6.6 
3.0-8.4 
1.76 
1.4-1.55 

13-15 
12 
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Methyl  alcohol,  accordiDfi;  to  Dnjardin  Beaumetz  and  Andig^, 
18  stronger  than  ethyl ;  5  grams  of  pare  CH4O  and  7  grains  of 
diluted  GH,0  being  aaflScient  to  produce  death  in  24  honre  in  a 
dog  weighing  one  kilogram.  By  comparing  the  tables  of  Sanger 
and  Sainsbury  with  those  of  Dnjardin  Beaametz,  it  ie  evident 
that  the  former  used  solntions  of  alcohols  on  irogs  which  were 
far  stronger  than  thoee  required  to  kill  dogs  of  weight  of  one 
kilogram  in  24  hours. 

It  might  be  nrged  here  that  possibly  the  alcohols  have  a 
far  less  powerful  effect  on  cold-blooded  animalB  than  on  warm- 
blooded ones,  which,  perhaps,  might  explain  the  discrepancy. 

To  determine  this  I  injected  solutions  of  various  alcohols  of 
the  strength  used  by  Ringer  and  Sainsbury  into  the  jugular 
veins  of  frogs,  and  found  that  without  exception  the  heart  had 
ceased  beating  in  periods  of  time  varying  from  5  to  16  lainntee. 

This  observation  had  been  made  long  before  on  frogs  with  amyl 
alcohol,  by  Bergeron  and  L'Hfite  (Compt.  rend.  CXI,  No.  7 ;  also 
6az.  hebd.  de  m6d.  K.  35,  p.  568).  These  investigators,  in  trying 
to  show  the  detrimental  effect  of  amyl  alcohol  used  in  the 
Erdmann-Uslar  method  of  separation  of  morphine — a  narcotic 
extract  made  by  help  of  amyl  alcohol — proved  that  considerable 
quantities  of  water  shaken  with  amyl  alcohol,  in  doses  of  a  few 
drops,  act  as  a  rapid  and  fatal  poison  when  injected  subcutane- 
ously  in  Jrogs,  and  similarly  on  guinea-pigs  and  rabbits  when 
used  in  doses  of  a  few  cubic  centimetres. 

It  is  probably  true  that  alcohol  acts  with  less  vigor  on  cold- 
blooded animals  than  on  the  warm-blooded  ;  perhaps  that  conclu- 
sion might  be  deduced  from  the  fact  which  I  sball  attempt  to 
demonstrate  later  on,  namely,  that  the  physiological  activity  of 
alcohols  increases  with  the  temperature.  Nevertheless  it  seems 
clear  from  ray  own  observations  on  frogs,  and  those  of  Bergeron 
and  L'H6te,  that  the  quantity  of  the  various  alcohols  employed  by 
Ringer  and  Sainsbury  was  probably  too  great  to  give  accurate 
results. 

In  Volume  III,  p.  483,  of  the  Studies  from  the  Biological 
Laboratory  of  the  Johns  Hopkins  University,  is  contained  a  very 
interesting  report  by  the  late  Dr.  J.  R.  Dn^an  on  the  "  loflo- 
ence  of  Alcohols  on  the  Conversion  of  Starch  by  Diastase." 
The  main  idea  suggested  there  is  thfit  the  relation  between 
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chemical  conatitntion  aod  phyBiological  action  of  alcobole  might 
be  studied  by  the  retardation  prodaced  by  them  in  the  conversion 
of  starch  by  diastase ;  t.  e.  that  the  amount  of  any  alcohol 
reqnired  to  bring  abont  a  certain  degree  of  retardation  conld  be 
taken  aa  a  measnre  of  its  physiological  strength.  Doggan  also 
made  Bome  experimente  on  the  amounts  required  of  eacli  of  the 
first  three  primary  alcohols  of  the  ethylic  aeries  to  prevent,  for  a 
given  time,  the  development  of  bacteria  in  a  standard  solution  of 
beef  peptones.  The  activity  he  found  increased  with  the  addition 
of  each  CH^  group,  with  the  exception  of  ethylic  alcohol,  which 
was  fonnd  to  caase  a  breHk  in  the  seriee,  being  leaa  strong  than 
methylic.  Dr.  Dnggan  suggested  that  there  might  be  in  all 
alcohols  a  chemical  property  to  which  their  action  was  due, 
which  might  be  termed  "  alcoholicity,"  just  as  with  acida  we 
apeak  of  "  acidity,"  with  bases  of  "  alkalinity."  Aa  thia  "  alco- 
holicity'* could  be  counteracted  by  addition  of  small  amounts  of 
acid,  he  anpposed  that  this  hypothetical  property  was  allied  to 
alkalinity,  and  this  led  me  to  undertake  three  experimenta  on 
the  isolated  dog-heart,  in  which  the  alcohol  was  modified  by 
minute  additions  (1-2  drops,  according  to  his  euggeetions)  of  acetic 
or  hydrochloric  acid,  with  a  view  of  ascertaining  whether  the 
effect  of  the  alcohol  would  not  be  diminiahed  thereby.  The 
reaults,  however,  were  negative,  for  blood  solutiona  in  which  both 
alcohol  and  acid  were  present  seemed  to  be  more  harmful  to  the 
heart  than  that  which  contained  merely  alcohol. 

Dr.  F.  S.  Lee,  in  the  third  volume  of  thia  Journal,  hae  shown 
that  alkaliea  in  the  circulation  produce  vascular  constriction,  in 
contradiatinction  to  neutral  salts  and  particular  acids  which  pro- 
duced dilatation.  It  aeema  certain,  from  obaervations  of  many, 
that  the  alcohols  act  as  vaacular  dilatora ;  their  physiological 
action,  therefore,  is  not  analogous  to  that  of  alkalies. 

This  leads  me  to  say  a  few  words  concerning  the  chemistry  of 
the  alcohols.  According  to  difierencee  in  their  molecular  struc- 
ture as  manifested  by  differences  in  their  conduct  when  oxidized, 
alcohols  are  divided  into  primary,  secondary,  and  tertiary.  In 
studying  the  relation  between  physiological  activity  and  chem- 
ical constitution,  it  would  be  necessary  that  all  alcohols  uaed 
should  belong  to  the  aame  class. 

The  alcohols  used  in  the  seriea  of  experimenta  to  be  preaently 
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deecribed  were  eWfevTiientation  alcohols ;  they  were  all  primary. 
These  alcohols  are  normal — methyl,  ethyl  and  propyl  alcohol, 
isobntyl  alcohol,  and  amy]  alcohol  of  fermentation,  which,  as  was 
shown  by  Pasteur,  consists  of  two  isomeric  alcohols  which  both 
are  primary. 

The  chemical  differences  between  two  primary  representatives 
of  the  same  alcohol  are  much  less  than  between  a  secondary  and 
a  primary,  or  between  a  tertiary  and  a  primary,  or  between  a 
secondary  and  a  tertiary;  bo  that,  as  the  normal  butyl  and 
amyl  alcohols  cannot  be  obtained  except  with  dMcalty,  they 
are  represented  in  my  experiments  by  their  primary  isomers. 
The  chemical  relationships  can  be  illustrated  more  clearly  by 
representing  the  graphic  or  structural  formulae  of  the  first  five 
members  of  the  ethylic  alcohol  aeries, 

I.  Methylic,  ,         ,  H^S-^^^ 


II.  Ethylic,    , 

III.  Fropylic, 

IV.  Butylic,  . 
V,  Amylic,   . 


HC  /COH\ 
H,Ui  ) 

ECO  /com 

HOCO   /COHN 
HCCCC   /COH\ 


"  It  is  evident  that  each  formula  in  this  series  differs  from  its 
preceding  one  by  the  group  CH^;  it  is  also  evident  that  this 
addition  does  not  imply  derangement;  each  OH3  thus  interpo- 
lated enters  into  combinations  precisely  similar,  and  hence  it 
must  be  apparent  that  whatever  change  in  properties  the  addi- 
tion of  the  CHj  group  effects  in  the  first  instance,  a  like  change 
must  be  effected  by  the  addition  of  the  group  CHj  in  the  second 
instance,  and  so  on.  One  is  dealing  here  simply  with  a  chain  of 
like  material  and  structure,  hut  composed  of  more  or  fewer  links. 
There  is,  however,  one  other  point  for  mention,  viz.  that  such  a 
series,  whilst  it  means  quantitative  difference,  implies  qualitative 
likeness, 

"  The  secondary  and  tertiary  alcohols  cannot  enter  into  such 
a  series  for  comparison,  for  the  additional  CHg  interpolated  does 
not  now  enter  into  precisely  similar  r^ations,  but  comes  into 
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relation  with  the  gronp  -n      ,  placed  in  brackets  above,  and  eo 

modifiee  the  general  strncture. 

"  Finally,  the  isoprimarj  alcoholB  do  not  strictly  fit  into  the 
above  series  ;  bnt  the  additional  CHj  groups  do  not  modify  the 

arrangement  of  the  gronp  tt      ,  which  is  the  more  important 

group  of  the  alcohol  molecule ;  hence  these  primary  isomerics, 
showing  much  smaller  differences,  may  without  much  stretch  be 
used  for  comparison." — {Ringer  and  Sainsburj.) 

Influence  of  Alcohol  on  the  Constituents  of  the  Blood. 

In  considering  the  physiological  action  of  alcohol,  the  question 
of  its  inflnence  on  the  plasma  and  corpuscles  of  the  blood  arises. 
Not  all  of  the  alcohol  mixed  with  the  blood  in  circulation  experi- 
ments enters  the  system  and  exerts  its  detrimental  influence 
directly  as  alcohol ;  it  is  probable  that  a  portion  of  it  is  used  up 
or  changed  on  coming  in  contact  with  the  blood  constituents. 
This  seems  to  be  confirmed  by  the  observations  of  Euchbeim 
(Archiv  der  Heilkunde,  1866,  p.  124),  which  show  that  if  alcohol 
is  added  to  fresh  blood  outside  of  the  body,  it  is  so  changed  that 
even  a  short  time  afterwards  very  little  of  it  can  he  regained. 
According  to  the  same  author,  this  is  in  some  way  a  vital  phe- 
nomenon of  the  blood,  for  blood  which  has  been  carefully  kept 
from  eighteen  to  twenty-foor  honrs  disposes  of  much  less  alcohol. 

That  alcohol  is  very  quickly  changed  or  gotten  rid  of  some- 
how in  the  blood  was  shown  by  Professor  Martin  in  experiments 
reported  in  a  previous  number  of  this  Journal.  Lallemand,  Perrin 
and  Duroy  reported  that  alcohol  accumulated  in  the  blood,  and 
more  particularly  in  the  brain  and  liver;  according  to  J.  W. 
Warren,  their  figures  concerning  the  amount  regained  from  the 
Hverafter  administering  large  doses  of  alcohol  are  not  convincing, 
for  in  the  blood  only  11  per  cent  was  found,  and  in  the  brain 
not  more  than  1  per  cent. 

Anstie  (Final  Experiments,  etc.)  gave  a  small  dog  one  ounce 
(198.9  grains)  of  brandy  daily  for  ten  days;  the  amount  excreted 
on  the  tenth  day  was  only  1.13  grains  of  alcohol.  On  the  eleventh 
day  the  animal  was  given  half  an  ounce  of  brandy,  killed  two 
hours  later,  and  immediately  cut  up  into  small  pieces  and  every 
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portion  of  it  pnt  into  water  for  eitraction.  It  appears  that  odIj 
twenty-fonr  grains  of  alcohol  were  reeovered,  or  not  more  than 
one-fourth  of  the  amonnt  which  had  been  taken  a  few  hoars 
before.  It  seems  plausible  then  that  when  alcohol  reaches  the 
blood  directly  or  throngh  the  alimentary  canal,  a  portion  of  it  at 
least,  and  probably  the  largest,  is  changed  to  something  else. 
Whatever  this  is  we  are  not  able  to  tell  in  the  present  state  of 
onr  knowledge. 

The  direct  action  of  alcohol  on  the  blood  constituents  has  been 
studied  hy  Schmiedeberg  (Petersburg  Medic.  Zeitschrift,  1868, 
B.  14,  S.  92;  also  Virchow'e  Archiv,  Vol.  51,  p.  171).  Here  we 
are  informed  that  blood  mixed  with  alcohol  does  not  give  its 
oxygen  up  in  the  presence  of  a  reducing  agent  as  readily  as  the 
same  blood  in  a  pure  state.  As  it  is  the  r61e  of  haemoglobin  to 
yield  oxygen  which  has  been  taken  up  by  the  lungs  to  oxidizable 
blood  and  tissue  constituents  in  the  syBtemic  circulation,  the 
action  of  alcohol  on  blood  just  mentioned  must  be  of  great 
importance  for  processes  in  the  living  organism.  A  direct 
chemical  influence  of  the  alcohol,  in  addition  to  its  action  on 
heart  and  nerves,  is  therefore  very  probable,  that  is  providing 
alcohol  acts  on  the  blood  inside  of  the  body  in  the  same  way  it 
does  outside. 

Herrman  (Archiv  f.  Anat.  u,  Physiolog.,  Reichert  u.  Duboia- 
Reymond,  1866,  8.  27)  deacribes  the  effect  of  the  vapor  of  alcohol 
on  blood  thus :  The  rouleaux  of  corpuBcles  break  asunder,  the 
corpuscles  become  spheroidal,  these  minute  spheres  become  paler 
and  paler  and  finally  disappear  entirely,  while  the  plasma  colors 
intensely  red  and  separates  out  crystals. 

According  to  Marvaud  (L'alcool,  son  action  physiologique,  etc. 
Paris,  1872,  p.  14),  alcohol  produces  a  disturbance  in  the  diasmotic 
relations  between  the  corpuscles  and  the  serum,  whereby  the 
nutrition  of  the  former  is  interfered  with. 

The  following  interesting  observations  were  made  by  Jaillet 
and  Hayem,  of  which  we  find  an  abstract  in  Virchow  and 
Hirsch,  Jahrbilcher  d.  Gesammt.  Medizin,  1884,  p.  869.  In 
animals  into  which  alcohol  had  rapidly  penetrated  from  the 
stomach,  these  observers  confirm  an  extensive  alteration  of  the 
red  blood  corpuscles;  scarcely  one-third  of  them  were  intact, 
the  remaining  were  partly  of  the  mulberry  type,  with  yellow 
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precipitates  of  haemoglobin  in  their  interior.  Still  others  were 
reduced  in  size  and  deprived  of  their  haemoglobin  entirely. 
On  iojecting  alcohol  directly  into  the  blood,  changed  and 
destroyed  corpnsclea  were  found,  but  no  mulberry  forms.  On 
in  trod  action  of  gradual  small  doses  the  haematoblaste  and 
leucocytes  were  strikingly  increased,  so  too  the  coagulability 
of  the  blood.  Blood  gas  analysis  in  animals  under  not  quite 
intoxicating  doses  of  alcohol,  showed  reduction  in  the  respiratory 
capacity  of  blood  corpuscles  with  considerable  increase  of  OOj  in 
the  blood,  which  latter  fact  Jaillet  partly  brings  into  connection 
with  the  oxidation  of  the  alcohol. 

0.  H.  Schulz  (Wirkung  des  Branntweins  in  der  Tmnksucht. 
Hufeland'a  Journal  fur  pract,  Heilknnde,  1841,  April)  had  already 
described  the  separation  of  the  haemoglobin  from  the  corpnsclea 
and  the  coagulation  of  the  blood  on  addition  of  alcohol,  in  1841. 

Lallemand,  Perrin  and  Duroy  {Du  role  de  I'alcool,  etc.,  Paris, 
1860)  have  observed  in  the  blood  of  alcoholized  animals,  large 
qaantities  of  oil  globules  floating  on  top  after  blood  waa  drawn ; 
these  were,  however,  observable  in  the  blood  of  the  same 
animals  after  they  had  gotten  over  the  effects  of  the  alcohol. 
According  to  Baer  {AlcohoUsmiui),  Magnus,  Huss  and  others  have 
observed  the  same  in  the  blood  from  the  heart  and  large  veins  of 
persons  that  died  in  intoxication.  An  interesting  study  of  the 
effect  of  alcohol  on  febrile  animals  was  made  by  Mana^ein.  The 
corpuscles  of  the  blood  of  auch  animals  are  very  much  diminished 
in  size  by  the  elevated  temperature.  This  is  not  the  case  if  the 
animals  are  given  alcohol,  when  the  corpuscles  become  lai^r 
the  longer  the  intoxication  lasts  and  the  more  the  temperature 
is  lowered  by  the  alcohol. 

All  of  these  obaervations  and  experiments  on  the  influence  of 
alcohol  on  the  constituents  of  the  blood  justify  us  in  concluding 
that  in  circulation  experiments  on  the  isolated  heart  with  alcohol- 
ized blood,  all  of  the  disturbances  observed  in  the  function  of  the 
organ  are  not  due  primarily  and  exclusively  to  the  direct  action 
of  alcohol  on  the  heart  tissue,  but  that  the  action  of  the  alcohol 
on  the  blood  itself,  whereby  its  natritive  and  oxygenating  functions 
are  impaired,  should  enter  into  consideration. 
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Synopsis  of  the  Metkod, 

The  method  employed  in  this  aeries  of  ezperimente  for  ieolatiag 
the  mHmmalian  heart  was  that  fully  described  in  a  previoiiB 
nomber  of  this  journal  (Vol.  II,  p.  213,  Plate  XT),  with  a  few 
changes  of  secondary  importanoe,*e8pcciany  in  the  arteries  that 
were  connected  to  the  outflow  tube. 

In  mj  experimente  both  carotids  were  connected  with  a  curved 
cannula,  from  the  convexity  of  whose  bend  the  outflow  tube 
extended  through  the  top  of  the  warm  chamber ;  here  it  ended  iu 
an  outflow  orifice,  which  emptied  its  blood  into  a  funnel ;  &ora 
here  the  blood  could  be  directed  to  any  one  of  four  large  jars  made 
of  glaas  and  converted  into  Mariotte's  bottles.  The  same 
outflow  tube  waB,  by  inserting  a  glass  T  tube  at  its  lower  end, 
connected  with  a  mercury  manometer  which  recorded  the  pulse 
on  the  paper  of  a  kymograph.  The  height  of  tlie  outflow  orifice 
was  so  selected  as  to  give  a  mean  preeenre  of  130-150  mm.  of 
mercury  measnred  by  the  manometer.  The  circulating  fluid  was 
supplied  from  four  large  glass  jars  that  were  converted  into 
Mariotte's  flasks.  Each  flask  could,  by  means  of  stop-cocks  and 
connecting  tubes,  be  connected  at  will  with  a  cannula  that  was 
inserted  into  the  vena  cava  superior.  These  stop-cocks  were 
placed  on  the  outside  of  the  chamber.  In  the  cannula,  which  was 
tied  in  the  stump  of  the  superior  cava  and  only  two  inches  from  the 
right  anricle,  was  inserted  a  thermometer  which  indicated  the 
temperature  of  the  blood  as  it  entered  the  auricle.  The  supply 
bottles  stood  in  large  jars  filled  with  warm  water  and  acting  as 
jackets.  The  vapor  of  the  hot  water  from  a  trough  in  which  the 
entire  chamber  rested  continually  surrounded  everything  inside, 
keeping  the  blood  constantly  at  any  desired  temperature.  If  it 
was  desired  to  lower  the  temperature,  the  Bunsen  burners  beneath 
the  trough  were  extinguished  and  a  large  opening  in  the  top  of 
the  case  uncovered.  If  a  high  temperature  was  desired,  the 
opening  was  closed  and  more  burners  lit  beneath  the  trough. 
Thermometers  hung  up  in  various  parts  of  the  chamber  rarely 
diflered  more  than  one  degree  C.  from  that  in  the  vena  cava 
cannula.  The  animals  used  were  dogs.  An  attempt  was  made 
to  get  them  approximately  of  the  same  weight. 

The  circulating  nutrient  liquid  consisted  of  defibrinated  fresh 
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calf  B  blood,  aad  in  some  cases  of  defibrinated  dc^'s  blood.  No 
difFeroDce  in  the  effect  of  the  same  alcohol  was  observed  oa  usiDg 
the  two  kinds  of  blood.  Id  two  of  the  Mariotte'a  bottles  were 
contained  two  litres  of  fresh  defibtinated  dog's  or  calf's  blood,  to 
which  500  cubic  centimetres  of  a  0.75  eolntion  of  sodium  chloride 
in  distilled  water  had  been  added.  In  the  remaining  two  bottles 
the  same  amoant  of  blood  was  contained,  but  before  it  was  mixed 
with  the  Bodinm  chloride  solntion  the  alcohol  was  added  to  the 
latter  in  such  quantity  as  to  make  \  per  cent  of  the  whole  mixture. 
^  of  one  per  cent  was  the  amount  of  alcohol  contained  in  all 
solations  in  all  ezperimentB,  with  exception  of  those  with  amjl 
alcohol,  where  \  per  cent  was  found,  after  repeated  trials,  to 
be  too  strong  a  solntion  to  experiment  with  succeestuUy,  and 
Bolntions  of -jV  per  cent  and  -^  per  cent  were  employed,  in  addi- 
tion  to  those  containing  ^  per  cent. 

The  same  precautions  were  taken  as  in  the  experiments  of 
Prof.  Martin  and  L.  T.  Stevens,  the  outflow  of  any  one  of  the 
four  IMariotte's  bottles  in  one  minute  not  varying  more  than  3 
per  cent  from  that  obtained  from  any  of  the  other  three.  Glenerally 
three  persons  took  part  in  the  experiment.  One  attended  to  the 
working  of  the  kymograph,  a  second  had  control  of  the  turning 
on  or  turning  off  of  pure  or  alcoholic  blood  and  looking  to  the 
thermometers  and  recording  the  temperature,  while  a  third  was 
engaged  in  taking  measurements  of  30  seconds  each  at  the  out- 
flow tube;  the  blood,  collected  in  graduated  vessels  for  measure- 
ment, was  at  once,  as  soon  as  noted,  poured  back  into  thefiinnel, 
from  where  it  flowed  into  the  receiving  bottle. 

Oor  way  of  determining  the  strength  of  any  particular  alcohol 
on  the  isolated  dog's  heart  was  not  that  of  Ringer  and  Sainsbnry, 
i.  e.  trying  to  establish  the  amount  of  alcohol  required  to  kill  the 
heart ;  as  the  exact  moment  of  death  of  this  organ  is  a  point  that 
can  hardly  be  decided  upon  with  accuracy.  The  method  adopted 
here  was  to  measnre  the  amount  of  reduction  that  a  particu- 
lar alcohol  effected  in  the  quantity  of  blood  pumped  around  by  the 
heart  in  30  seconds.  When  the  amount  of  non-alcoholic  blood 
pumped  around  by  the  heart  was  constant  in  four  or  five  con- 
secutive m^asurementa,  the  alcohol-containing  blood  was  turned 
on  and  measurements  immediately  undertaken,  and  the  reduction 
produced  in  the  amount  pumped  around  in  30  seconds  taken  as 
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a  measure  of  the  effect  of  the  alcohol.  After  the  action  of  the 
alcohol  had  been  clearly  manifested,  blood  containing  no  alcohol 
was  again  tnmed  on,  when  recovery  from  the  effects  of  the  drug 
ae  a  mle  occurred.  Those  experiments  in  which  no  good  recovery 
occurred  under  pure  blood  were  rejected,  as  the  reduction  in  the 
work  might  have  been  due  to  causes  independent  of  the  action 
of  the  alcohol. 

Resolts, 
Explanation  of  the  Tables. 

In  the  tables  given,  only  about  one  fifth  of  the  successtnl 
experiments  made  are  recorded,  as  it  would  be  uBeless  to  print  in 
detail  four  or  five  tables  all  illustrating  the  same  facts.  Only 
one  experiment  with  each  alcohol  is  printed  in  tabular  form, 
except  in  the  case  of  methyl  alcoholj  in  which  two  are  given ;  one 
commencing  at  a  low,  and  the  other  at  a  high  temperature. 
The  tables  are  easily  explained.  There  are  four  columns,  headed 
from  left  to  right  thus:  1.  Time;  2.  Amount  pumped  in  30 
seconds ;  3.  Temperature ;  4.  Kind  of  blood. 

Taking  the  record  of  the  experiment  with  methyl  alcohol  on 
April  20,  1886,  we  make  the  following  observations:  The  heart 
was  isolated  completely  at  2.15  p.  m.  In  the  measurements  at 
2.18, 2.20, 2.22,  and  2.24  o'clock  p.  m.,  the  heart  pumped  around 
196  ec,  197  cc.,  197  cc,  and  196  cc.,  in  30  seconds  respectively. 
This  was  while  supplied  with  non-alcoholized  blood,  the  tempera- 
ture being  36°  C.  at  the  first  three  measurements,  and  sinking  to 
35°  C.  at  the  fourth.  At  2.26  the  alcoholized  blood  was  turned 
on,  and  at  2.27  a  measurement  was  taken  which  showed  that  the 
heart  had  only  pumped  around  186  cc.  in  30  seconds,  at  a  tem- 
perature of  35°  C.  As  the  previous  measurements  under  pure 
blood  gave  196  cc.  in  the  same  time  and  in  the  same  temperature, 
we  may  say  that  at  35°  0.  a  solution  of  f  per  cent  methyl  alcohol 
will  cause  a  fall  in  the  pumped  amount  by  isolated  dog-heart  in 
30  seconds  from  196  cc.  to  186  cc,  which  is  a  reduction  of  about 
6  per  cent. 

As  the  alcoholized  blood  continues  to  fiow  through  the  heart 
its  action  becomes  more  manifest.  Thus  at  2.29  p.  m.  the  amount 
pumped  around  sank  to  175  cc,  and  at  2.32  to  162  cc.  At  2.33 
pure  blood  was  again  turned  on  and  the  alcoholic  blood  turned 
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off;  almoBt  at  once  we  notice  recovery  taking  place,  as  shown  by 
the  increased  amount  of  blood  pumped  oat,  which  at  2.40  o'clock 
reached  194  cc.  in  30  seconds.  Then  alcoholized  blood  was  again 
tnrned  on  and  pnre  blood  tnmed  off.  At  2.43  the  measurement 
shows  a  fall  in  the  amount  pnmped  aronnd  in  30  seconds  to 
174  cc.  By  this  time  the  temperatra^  had  risen  to  37°  0.  As 
the  previone  measurement  under  pare  blood  at  2.40  o'clock  was 
194  cc,  we  see  that  this  second  dose,  ^  per  cent  methyl  alcohol  in 
defibrinated  calfe  blood,  caused  a  redaction  of  20  cc.  in  the 
quantity  of  blood  pnmped  by  the  left  Tentricle  in  half  a  minute. 
Similarly  we  observe,  at  3,06  o'clock,  a  reduction  from  170.5  to 
138  cc,  at  3.26  o'clock  we  observe  a  redaction  in  amount  pumped 
aroand  in  30  seconds  of  50  cc,  at  42°.  By  putting  the  obaerva- 
tions  together  we  obtain  the  following  table.  One-fifth  per  cant 
solxUion  of  methyl  alcohol  in  defibrinated  coif's  blood  causes  the 
follovnng  reditctitms  {diminution  in  worii)  of  the  amount  pumped 
around  by  an  isolated  dog-heart  in  30  seconds : 

At  35°  C,  a  fall  from  196  cc.  to  186  cc,  or  reduction  of  10  cc 
37°  "        "  194     "      174  "  "  20  " 

39°  «         "  170      "      138   "  "  32  " 

42°   "        «  142      "        92  "  "  60  " 

In  a  similar  manner  the  average  reduction  in  the  work  done 
by  the  heart  under  the  other  alcohols  was  determined,  namely  : 
{a)  Noting  the  number  of  cubic  centimetrcB  pnmped  around  just 
before  the  alcoholized  blood  was  turned  on ;  (5)  noting  the  dimi- 
nution in  the  number  of  cubic  centimetres  immediately  after  tiie 
blood  containing  the  alcohol  was  turned  on  ;  (o)  noting  the  tem- 
perature with  each  measurement. 

With  methyl  alcohol  four  experiments  were  made  in  which 
the  temperature  was  gradually  increased  from  the  beginning, 
and  one  experiment  in  which  the  temperature  was  gradually 
reduced  from  the  onset.  The  same  was  the  case  with  all  of  the 
remaining  alcohols.  In  determining  the  general  average  re- 
duction, expressed  in  cubic  centimetres,  which  any  particular 
alcohol  would  effect  in  the  work  done  by  the  heart,  only  those 
four  experiments  were  made  use  of  in  which  the  temperature  was 
gradually  raised  from  the  onset,  and  that  one  in  which  the  tem- 
perature was  gradually  reduced  from  the  beginning  of  the 
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experiment  was  excluded,  since  it  wag  thonght  more  correct  to 
determine  the  general  average  reduction  (the  reduction  drawn 
irom  sll  the  experiments  with  the  same  alcohol)  only  from 
experimenta  in  which  all  conditions  were  alike.  The  average 
temperature  at  which  the  general  redaction  was  in  all  cases 
calculated  was  37°  C,  for  reaBons  to  be  given  later.  The 
weights  of  the  dogs  experimented  with,  and  the  corresponding 
average  reduction  which  the  alcohol  produced  in  the  work  done 
hj  the  heart,  are  given  in  a  separate  table.  In  fonr  experimenta 
with  methyl  alcohol  the  reductions  were : 

April  20,  1886,  =20.7      cc. 

21,     "  =19.583  " 

37,      "  1  =  18.583  « 

27,      "  11  =  19. 

By  adding  these  four  fignres  and  dividing  the  sum  by  4  one 
naturally  obtaina  the  mean  or  general  average  of  the  reductions 
observed  in  all  the  experiments  under  methyl  alcohol,  which  ie 
19.46  cc. 

The  average  weight  of  the  animals  used  in  these  four  experi- 
ments, as  may  be  seen  in  the  table,  was  15,793  grams.  So  one 
may  derive  the  following  conclusion :  ^  per  cent  methyl  alcohol 
in  defibrinated  blood  will  quickly,  at  37"  C,  reduce  the  amount 
pumped  around  by  the  iaolated  heart  of  a  dog  weighing  15,793 
grams  in  30  seconds,  by  19.46  cnbic  centimetres. 

In  the  same  manner  the  physiological  effect  of  the  remaining 
alcohols  waa  determined.  The  following  figures  express  the 
general  average  reductiona  of  the  first  four  alcohols : 

Methyl,  0H,0, 19.46  cc. 

Ethyl,  CH,0, 17.45 

Propyl,  CsHsO, 79.705 

Bntyl,  OtHi,0, 161.121 

When  we  get  to  amyl  alcohol  we  meet  with  difficnltiea.  This 
member  of  the  series  proved  too  powerful  to  be  need  aucceeafolly 
in  the  same  atrength  ae  the  preceding  members,  namely  ^  per 
cent.  It  was  found  after  repeated  trials  that  solntious  of  amyl 
alcohol  of  thia  strength  (|  per  cent)  might  be  uaed,  if  the  time  in 
which  the  measurementB  were  taken  waa  shortened  to  15  seconds 
(these  periods  having  been  30  seconds  in  all  other  experiments), 
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thaB  considerably  abbreviating  thi 
exposed  to  the  poieonoua  inflnenc 
menta  with  ^  per  cent  of  defibi 
measnretnentB  were  taken  of  onlj 
and  June  1, 1886),  the  general  ai 
be  161.16  cc.  at  37°  iu  fifteen  bo 
332.32  cc.  in  half  a  minate. 

In  fonr  experiments  with  am; 
solntions  oi  -^  per  cent  were  erop 
for  30  seconds,  the  general  avert 
which  is  strikingly  qear  the  tigare 
one  might  believe  the  same  effect  < 
donble  the  strength  of  his  solutione 
or  halve  tlie  strength  of  the  boIi 
exposure.  For  in  the  experiments 
caused  the  same  reduction  in  15 
duced  iu  30  seconds.  Whether 
really  exists  1  am  not  able  as  yet 

One  experiment  was  undertak 
tion  of  amyl  alcohol.  Here  the  i 
ments  lasting  30  seconds  was  81.33 
nearly  so)  the  reduction  effected  1 
alcohol  in  30  seconds,  or  one-half 
amyl  alcohol  caused  in  15  secoi 
have  the  following  average  red 
alcohol,  with  solutions  of  varying 
ixas\  aloobol, 

BOlUtlODB  of  ■ 

\  per  cent, 


A     "         

A     "         

The  physiological  eifeets  of  th 
onr  experiments,  may  be  expresse 
dace  in  the  work  daring  thirty  se 
dogs  of  nearly  equal  size,  thus : 

Methyl,  CH.O, 
Ethyl,  C,H,0,  . 
PropTl,  CH.O, 
Botyl,  0,H„0, 
Amyl,  0,H„0, 
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i  tbuB  reach  the  following'  coDclnsionB : 

That  the  physiological  activity  increases  with  the  compleanty 

le  jnoleeule,   with   exception   of    the  second  member,  piz. 

alcohol,  which  is  weaker  than  methyl  alcohol. 

th  the  ezceptioD  of  ethyl  filcohol,  the  figures  approach  a 

etric  prc^reseion.    Excluding  ethjl  alcohol,  which  is  weaker 

methyl,  we  haye  the  following  fignree: 


ing  from  this,  the  strength  of  propyl  alcohol,  GgHgO,  ia 
nearly  fonr  times  that  of  methyl.  Butyl  alcohol,  C^HmO,  ia 
I  as  powerful  ae  propyl,  and  amyl  alcohol  twice  ae  strong 
tyl  alcohol. 

Another  principal  conclnBion  which  is  easily  arrived  at  on 
ining  the  summary  given  at  the  end  of  each  table,  is  that 
hysiological  actimty  vnoreases  as  the  temperature  increases. 
the  experiment  with  J  per  cent  methyl  alcohol  on  April 
we  may  observe  this  fact  in  the  summary : 

At  35°  G.  a  reduction  of  10  cc.  in  the  blood  pumped  out  b^ 
37  ('  20  the  lett  TeDtricle  in  thitt; 

39  "  32  wondB. 

42  "  60 

L  the  other  hand,  in  those  experimentB  in  which  the  temper- 
:  was  gradually  lowered  from  the  onset  (as  in  the  following 
methyl  alcohol  on  April  23d),  we  have  the  following  results : 
At  40°  reduction  of  31.  cc. 

39  "  26. 

38  "  24.5 

57  "  20.5 

36  «  17.5 

the  physiological  activity  of  the  various  alcohols  increases 
the  complexity  of  the  molecule,  so  other  properties  increase, 
ily,  the  vapor  density,  the  specific  gravity,  and  the  boiling 
;  become  higher.     This  becomes  evident  from  the  following 
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opjl 
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Cheiiiic«l 

Vapor  deMlty, 
.16  ' 

Speclflc  irravltr. 
.fe'™' 

BOIIIDS 

point. 

55.1°  C 

c.h;o 

0,H„0 
0,H„0 

.23 
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.80625 
.8198 
.8242 
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98.0 
117.0 
135.0 
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The  vapor  density  of  these  alcohols  iscreasea  .7  for  every 
increment  in  composition  of  CHj.  The  boiling  point  increases 
on  the  average  19.6°  for  every  increment  of  CHj.  There  is  also 
a  constant  increase  of  the  specific  ^avity  aa  the  complexity  of 
the  molecule  increases ;  this,  iiowever,  only  occurs  in  the  eecond 
or  third  decimal  point,  and  ethylic  alcohol  forms  an  exception  to 
the  statement. 

Position  of  Mhylio  Alcohol  m  the  Series. 

It  is  evident  from  my  experiments  and  those  of  Dnjardin 
Beaametz  and  Audig6,  and  J.  B.  Do^an,  that  ethyl  alcohol 
canses  a  break  in  the  Beries,  being  less  hurtful  than  methyl. 
Since  ethylic  alcohol  is  probably  constantly  present  in  minute 
quantitieB  in  the  atmosphere,  as  fermentation  is  going  on  in 
many  ways  and  places,  and  as  dogs  probably  mast  fi-eqnently 
get  some  little  ethyl  alcohol  in  their  food,  this  fact  has  been 
explained  theoretically  by  supposing  that  an  organism  can 
eatablish  a  special  d^ree  of  tolerance  of  one  alcohol  while 
retaining  its  senBitiveness  to  others. 

A  further  explanation  of  the  tolerance  of  ethylic  alcohol  by 
certain  animals  is  fnmished  by  a  fact  which  is  becoming  more 
and  more  established,  and  that  is  that  ethyl  alcohol  in  minute 
quantities  ia  a  normal  constituent  of  almost  all  animal  tiasues. 
One  of  the  clearoet  investigations  on  this  subject  is  published  by 
A.  Kajewaki  in  Pfliiger's  Arohiv  (Bd.  XI,  p.  122,  1875),  who 
obtained  the  iodoform  reaction  in  the  diatillate  of  fresh  liver, 
brain,  and  muscles  of  animala  receiving  no  alcohol  in  their  food. 
Rajewski  concluded  that  these  tiaaues  either  always  contain  cer- 
tain quantities  of  ethyl  alcohol,  or  that  the  iodoform  test  ia  not  a 
BufBcient  proof  of  the  existence  of  ethyl  alcohol.  0.  Binz 
(Vorleaungen  iiber  Pharmakologie,  Vol.  II,  p.  367)  holds  a 
similar  view,  according  to  which  this  teet  indicates  alcohol  in 
traces,  bat  also  carbohydratea,  albumen,  fibrin,  caeein  and  glue. 
According  to  E.  Millon  (Compt.  rend.,  1845,  Vol.  4,  p.  828),  the 
iodoform  reaction  has  been  obtained  with  saliva  of  teetotalers. 
Thia  reaction,  aa  ia  perhaps  well  known,  is  carried  out  by  adding 
a  few  drops  of  a  solution  of  iodine  in  iodide  of  potassium  to  the 
solution  to  be  examined ;  then  juat  enough  aodium  hydroxide  ia 
added  to  make  the  yellow  color  disappear ;  then  the  mixture  is 
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heated  up  to  abont  60^.  Od  cooliDg,  the  solution  becomes  a 
yellowish  tint,  and  the  minutest  trace  of  alcohol  will  cause  the 
formation  of  iodoform,  which  can  be  recognized  under  the  micro- 
scope by  its  hexagonal  crystals.     The  reaction  is  the  following : 

81  +  CaHflO  +  6NaOH  =  5H,0  +  NaOHO^  +  5NaI  +  CHIs. 

Although  this  reaction  is  not  reliable  in  testing  for  alcohol  in 
living  tissues,  it  has  been  satisfactorily  shown  that  these  do  con- 
tain alcohol.  One  of  the  chief  workers  in  this  field  is  J.  Bechamp 
(Paris).  In  the  Compt.  rendus,  T.  LXXXIX,  p.  673  (Sur  la 
presence  de  I'alcool  dans  les  tissues  animaux  pendant  la  vie  et 
apr^s  la  mort),  Bechamp  states  that  he  extracted  0.8  gram  of 
alcohol  from  a  piece  of  meat  weighing  6  pounds,  that  he  has 
found  alcohol*  in  sheep's  liver  immediately  after  death ;  also  in 
human  brain.  This  investigator  has  also  found  alcohol  to  be  a 
normal  constituent  of  fresh  milk  (Jour.  Ohem.  Soc,  Yol.  26, 
p.  768).  He  has  developed  a  theory  concerning  fermentations 
inl/ra  vUam  which  is  based  on  what  are  termed  by  him  the 
microzymes.  These  are  described  by  him  as  being  the  physiolog- 
ically active  parts  of  cells  of  animal  tissues ;  they  are  minute 
granular  masses  that  have  the  power  of  inducing  fermentation 
like  other  cellular  ferments,  but  differ  in  quality  and  energy  of 
action  according  to  the  part  of  the  organism  from  which  they 
are  taken.  He  supposes  them  to  be  the  centre  of  all  chemical 
changes  of  living  and  dead  tissues  (Bechamp,  Archiv  de  Physiol. 
^N^ormal  et  Pathol.),  and  to  belong  to  the  animal  organism  as 
integral  parts  without  having  to  get  into  it  from  the  air  or  other 
medium ;  they  are,  even  in  perfect  health,  capable  of  causing  all 
those  processes  intra  vitomi  which  are  commonly  known  as 
fermentations,  and  post  mort&rn  all  those  metamorphoses  which 
are  comprised  under  the  phenomen  a  of  decomposition.  All  soluble 
ferments  are  products  or  secretions  of  microzymes,  and  are  called 
zymases  (A.  Bechamp,  Archiv  de  Physiol.  1882,  p.  28).  Diastase, 
trypsin,  and  pepsin  are  termed  hordeozymase,  pancreazymaee, 
and  gastrozymase. 

It  is  impossible  here  to  enter  upon  the  method  of  J.  and 
A.  Bechamp,  of  isolating  these  microzymes,  which  is  given  in 
Compt,  rend.  LXXXI,  pp.  226-229.  My  intention  merely  is 
to  point  out  a  theory  according  to  which  the  existence  of  ethyl 
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alcohol  in  living  tissoea  miglit  be  explained,  and  aleo  the  toler- 
ance of  certain  animale  toward  this  alcohol. 


Catiae  of  the  Diminution  im.  the  Work  of  the  Isolated  Heart 
under  Alcohol. 

In  a  previoas  number  of  this  Journal,  Yol.  2,  p.  487,  Professor 
H.  N.  Martin  has  considered  those  alterations  in  the  phjeical  con- 
dition of  the  heart  which  impede  its  action  and  diminish  its 
work.  The  question  whether  the  alcohol  act«d  on  the  nerves 
and  ganglia,  the  blood-vesaels  or  on  the  mnscular  tiesae  of  the 
heart  was  discnesed,  and  the  conclnsion  reached  that  the  main 
effect  of  the  drug  is  exerted  upon  the  cardiac  muscnlar  tissue. 
It  is  possible  that  the  blood-vesselB  of  the  coronaiy  system 
are  also  acted  npon  to  a  certain  extent.  The  most  obvions 
phenomenon,  as  pointed  out  by  Professor  Martin,  is  the  great 
dilation  of  the  isolated  heart  poisoned  by  ethyl  alcohol,  accom- 
panied by  an  imperfect  systole,  eo  that  the  ventricular  cavity  is  not 
obliterated  at  the  end  of  the  systolic  contraction,  and  the  lees  so 
the  longer  the  alcohol  haa  been  administered.  This  incomplete 
systole  is  compensated  for  by  a  more  extensive  diastole  as  long 
as  the  heart  can  swell.  As  soon  as  the  pericardium  prevents 
this  excessive  expansion  in  diastole,  the  difference  between  dias- 
tolic and  systolic  capacity  becomes  lees  and  less,  and  the  heart 
pomps  around  less  blood.  An  interesting  matter  in  this  con- 
nection is  a  fact  which  I  have  observed  in  several  cases  in 
which  the  heart  was  expanded  and  swollen  to  a  great  extent 
under  alcohol,  which  ie,  that  'by  placing  a  stethoscope  directly 
on  the  organ  one  can  hear  plainly  so-called  regurgitant  mnr- 
mnrs.  These  murmurs  are  undoubtedly  on  both  sides  of  the 
heart.  Perhaps  they  are  caused  by  the  swelling  and  expanding 
of  the  heart  excentrically,  whereby  the  fibrous  rings  to  which 
the  valves  are  attached  are  so  enlai^ed  that  the  valves  are  no 
longer  large  enough  to  cover  them,  and  there  are  tricuspid  and 
mitral  insufficiency  and  regui^tation.  In  all  my  experiments 
small  hemorrhages  into  the  cardiac  tissue  were  observed ;  these 
were  very  considerable  with  the  higher  alcohols.  It  was  thought 
that  they  were  the  direct  result  of  the  action  of  the  alcohols ; 
but  by  injecting  considerable  quantities  of  alcohol  into  the  jugular 
veins  of  dogs,  I  could  in  no  instance  produce  them  on  the  heart. 
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The  reasoQB  why  all  averages  were  calculated  at  37°  were  that 
it  was  found  that  this  temperature  could  be  most  easily  main- 
tained, and  also  that  the  averages  could  not  well  have  been 
drawn  at  a  higher  temperature  on  account  of  the  increase  in 
poisonous  action,  particularly  of  amyl  alcohol,  which  in  the 
strength  used  invariably  produced  rapid  death  of  the  heart 
above  38°.  No  change  in  the  pulse  rate  due  to  the  alcohol  used 
was  noticed  in  any  of  my  experiments. 

The  writer  wishes  to  express  his  indebtedness  to  Professor 
H.  Newell  Martin  for  advice  and  many  useful  suggestions. 

Experiment  with  one-fifth  per  cent  CHjO  methyl  alcohol, 
April  20, 1886.  Dog  under  morphine  and  curare.  Defibrinated 
caira  blood  used.  Heart  isolated  at  2.1S  p.  m.;  remained  in 
good  condition  1  hr.  17  min. 

Time.    Amount  pumped  around.      In 
3.18  191  CO. 


i.u 

196 

2.2A 

3.37 

186 

2.29 

175 

3.82 

163 

3.88 

2.B4 

174 

2.86 

185 

2.88 

194 

3.40 

194 

3.43 

... 

3.43 

174 

3.4S 

160 

3.47 

148 

3.50 

102 

2.51 

2.S8 

180 

2.S4 

1S8.5 

3.56 

169.75 

2.68 

168.75 

3.01 

170 

8.08 

3.06 

138 

3.09 

130 

8.11 

114 
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TJme.  AmouDt  pumped  BTOUDd.       laSDceo. 
8.12 

8.U  120 

8.1S  182 

8.18  U1.0 

a20  1« 


Stopped  pumping. 
3.81  ...  ...  ...         Pare. 

3.33    Began  pnmping  around  again,  but  rerj  feebly.    Temperature  toward 

end  too  high ;  probably  oansed  death. 

ActioD  of  OH4O  {  per  cent  increaees  with  the  temperature. 
Thus: 

At  35°  centigrade  we  observe  a  fall  from  196  ce,  to  186  ec.,  or 
10  cc.  in  30  Beconds. 

At  37"  centigrade  we  observe  a  fall  from  194  cc.  to  174  cc,  or 
20  cc.  in  30  seconds. 

At  39°  centigrade  we  observe  a  fall  from  170  cc.  to  138  cc,,  or 
32  CO.  in  30  seconds. 

At  42°  centigrade  we  observe  a  fall  from  142  ce.  to  92  cc,  or 
50  cc  in  30  seconds. 

This  gives  an  average  of  20.7  cc.  reduction  of  amount  pumped 
aroand  under  |  per  cent  OH4O  at  temperature  37°  C.  in  30 
seconds,  measured  one  minute  after  CH4O  ^  per  cent  blood  was 
turned  on,  and  calculated  from  the  average  of  the  measurements 
at  35°  C,  37°  and  39°. 

Experiment  April  2Sd,  1886,  methyl  alcohol  \  per  cent  in 
defibrinated  calfs  blood.  Dog  under  morphine  arid  curare. 
Heart  isolated  2.40  p.  m. ;  under  experimentation  for  1  hour  and 
20  minutes.  . 

Time.  Amount  pumped.  InSUsec.    Temp.     Klndofblood. 

9.48  188  CO.  ...  40-       Pure. 

2.44  139  "  10.5 

8.45  181.5  "  40.6 
2.4«                     182                            "  40 

8.47  ...  ...  ...         Methyl  alcohol  J  %. 

2.46  101  "  40 

2.49  7B  "  40 
2.60                       48  '■  40 
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Time. 

Amount  pumped.              In  80  sec. 

Temp. 

Kind  of  blood. 

2.52 

• 

•  •• 

•  •  ■ 

Pure  blood. 

2.53 

46 

(( 

39.5 

<« 

2.54 

76 

(( 

39.5 

tc 

2.55 

105.5 

it 

39.5 

ti 

2.56 

128.5 

(t 

39 

<( 

2.57 

132 

tt 

39 

<( 

2.59 

... 

... 

•  ■• 

Methyl  alo.  i  %• 

3.00 

106 

<( 

39 

It 

3.02 

82 

(( 

39 

(< 

8.03 

58 

ti 

38.5 

(( 

3.05 

32 

a 

38.5 

n 

3.07 

•  •  • 

•  •  • 

■  •  • 

Pure  blood. 

3.08 

60 

(1 

38.5 

tt 

3.09 

81.6 

(( 

38.6 

ti 

3.10 

105 

it 

38.5 

tt 

3.11 

128 

(i 

38 

tt 

3.12 

129 

(( 

88 

ft 

3.14 

129.5 

i( 

38 

tt 

3.16 

•  •  • 

■  •  ■ 

*•  • 

Methjl  ale.  ^  %, 

3.16 

106 

i( 

38 

tt 

«.17 

81 

(( 

38 

tt 

3.18 

65 

(( 

37.5 

tt 

3.19 

30 

ft 

37.6 

ii 

3.20 

•  •  • 

•  •  ■ 

•  •■ 

Pure  blood. 

3.22 

70 

• 

37.5 

it 

3.25 

124 

<i 

37.6 

tt 

3.26 

128 

It 

87 

tt 

3.28 

128.5 

(4 

37 

k( 

3.29 

■  ■  • 

•  a. 

•  •• 

Methyl  ale.  i  %, 

3.30 

108 

t( 

37 

it 

3.32 

65 

»( 

36.6 

it 

3.34 

24 

(< 

36.6 

it 

3.35 

*•• 

... 

86.6 

Pure  blood. 

3.37 

66.5 

(( 

36.5 

tt 

3.39 

102 

(( 

36.5 

tt 

3.41 

124 

(< 

36 

tt 

3.43 

127 

(  i 

36 

ti 

3.45 

127.5 

(( 

36 

n 

3.46 

•  •  • 

•    ■    • 

•  •• 

Methyl  &\c,  i  %. 

3.47 

110 

<l 

36 

tt 

3.49 

95 

f     ( 

36 

1 1 

3.51 

78 

a 

36 

tt 

3.53 

60  heart  irregular 

• 

36 

tt 

3.55 

•  •  « 

« ■• 

•  •  » 

Pure  blood. 

3.56 

60  more  irregular. 

•*• 

•  •  • 

(( 

3.58 

20 

» ■  • 

•  •  ■ 

tt 

4.00 

Heart  did  not  recover  under  pure  blood. 
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Experiment  April  23,  1886.  Eefiults  with  methyl  alcohol  ^ 
per  cent. 

In  this  experiment  the  temperature  was  taken  high  (40^)  at  the 
beginning  of  the  experiment,  and  gradually  lowered  as  it  pro- 
gressed. In  other  experiments  the  effect  of  the  alcohol  increased 
as  the  temperature  increased;  in  this  case  it  decreases  as  the 
temperature  decreases ;  in  both  cases  showing  dependence  upon 
the  temperature.  The  effects  of  ^  per  cent  methyl  alcohol  as 
shown  by  the  table  are : 

At  40*^  a  fall  from  132  cc.  to  101  cc,  or  reduction  of  31  cc. 
39  "  132     "     106      "  "  26 

38  "  129.5  «     105      "  "  24.5 

37     '     «  128.5  "     108      "  "  20.5 

36  "  127.5  «     110      «  «  17.5 


Heart  stopped  in  diastole,  very  much  swollen  and  covered  with 
minute  ecchymoses. 

The  average  taken  from  above  measurements  at  36^,  37^  and 
38°  is  20.83  cc.  reduction  in  amount  pumped  around  in  30 
seconds  at  37°. 

Average  reduction  of  all  (4)  experiments  with  \  per  cent  methyl 
alcohol  (excluding  the  one  on  April  23, 1886) : 

April  20, 1886,  20.7  cc.  reduction  at  37''. 

April  21, 1886,  19.583 

April  27, 1886,    1=18.583 
April27, 1886, 11  =  19 


a 


a 


a 


u 


u 


a 


4)77.866(19.46  cc.  =  total  average 
reduction  of  amount  pumped  around  in  30  seconds  at  37°  0.  by 
isolated  dog's  heart  (calculated  from  results  of  four  experiments). 

Experiment  March  4,  1886.  Ethyl  alcohol  \  per  cent  in 
defibrinated  dog's  blood.  Dog  under  morphine  and  curare. 
Heart  isolated  1.24  p,  m. ;  remained  good  for  1  hour  and  34 
minutes. 


Time. 

Amount  pumped. 

In  80  seconds. 

Temp. 

Kind  of  blood 

1.26 

180  cc. 

•  •  • 

85*» 

Pure  blood. 

1.28 

188 

n 

85 

<< 

1.80 

188.5 

(t 

85 

f( 
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Time. 

Amount  pumped 

1.82 

•  •  • 

1.88 

180 

1.84 

121.5 

1.86 

112 

1.86 

100 

1.87 

•  m  9 

1.88 

110.5 

1.89 

118 

1.41 

186 

1.48 

137.5 

1.44 

.»« 

1.45 

128 

1.47 

101 

1.49 

76 

1.61 

64.5 

1.52 

•  •  ■ 

1.58 

78 

1.54 

90 

1.56 

112 

1.58 

126 

2.00 

185 

2.01 

186 

2.08 

•  •• 

2.04 

115 

2.05 

95.5 

2.06 

76 

2.07 

68 

2.08 

•*• 

2.10 

78 

2.12 

101 

2.14 

124.5 

2.16 

184 

2.18 

135 

2.20 

•  •• 

2.21 

110 

2.23 

91.5 

2.25 

68 

2.27 

80.5 

2.28 

•  •  • 

2.29 

61 

2.82 

104 

2.35 

180.5 

2.87 

183 

2.89 

184.5 

2.42 

•  •• 

2.48 

108 

2.44 

75 

In  80  Beoonds.   Temp. 


<( 
(( 
ti 
<< 

•  •  • 

(( 
<( 
It 

•  •  • 

<< 

f( 
<< 
It 

•  •  • 

(( 
<< 
<( 
(( 

87 
<( 

••> 
(( 

(( 

•  •• 

It 

tt 
tt 

•  ■  • 

(( 
tt 
tt 
tt 

... 
(( 

tt 

It 

tt 

tt 

•  «  ■ 

tt 
tt 


85 
85.5 
85.5 
85.5 

85.6 
85.5 
86 
86 

•  ■  • 

86 
86 
86.5 
86.6 

•  •  • 

86.5 

86.6 

86.6 

86.5 

87 

37 

87 
87 
87.5 
87.5 

•  •  • 

87.5 

87.5 

88 

88 

88 

88 
88 
88.5 
88.5 

•  •  • 

88.5 

88.5 

88.5 

89 

89 

89 
89 


Kind  of  blood. 
Bthyl  alcohol  \  %, 


tt 


tt 


tt 


tt 


Pure  blood. 


<c 
tt 
tt 

tt 


Bthyl  alcohol  |  %. 


It 


tt 


tt 


tt 


Pure  blood. 


tt 
tt 
tt 
tt 
tt 
tt 


Ethyl  alcohol  |  ^. 


tt 
tt 


Ethyl  alcohol  ^  %, 


it 


Pure  blood. 


tt 

tt 

it 

tt 

tt 


Ethyl  alcohol  i  %. 


tt 


tt 


tt 


it 


Pure  blood. 


(I 
(( 
(( 
tt 


Ethyl  alcohol  \  %, 


tt 


tt 
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Time. 

Amount  pumped.        In  80  secondB 

.   Temp. 

Kind  of  blood. 

2.45 

«•« 

•  •• 

•  •  • 

Pure  blood. 

2.47 

98 

<< 

89.5 

<< 

2.49 

126 

it 

89.5 

<i 

2.61 

182 

tt 

89.5 

(( 

2.58 

184 

<< 

89.5 

<< 

2.54 

••• 

•  ■• 

... 

Ethyl  alcohol  \  %. 

2.55 

100 

f( 

89.5 

It 

2.66 

68  cc.  heart-beat  irregular. 

C( 

40 

tt 

2.57 

•  •« 

C( 

40 

Pure  blood. 

2.68 

72  oc.  kymograph  tracing 

\ 

feeble. 

<( 

40 

it 

2.59 

64cc« 

<( 

40 

tt 

8.00 

40  oc.,  heart  dyinir. 

(< 

40.5 

tt 

Beenlts : 

At  35°  a  fall  from  138.5  cc.  to  130  cc.,  or  reduction  of  8.5  cc. 


36 
37 
38 
39 
39.5 


187.5 

136 

135 

134.5 

134 


123 
115 
110 
103 
100 


« 


14.5 

21 

25 

31.5 

34 


Average  taken  from  the  measurements  at  the  temperature  of 
36°,  37",  38°,  is  20.16  cc.  reduction  at  37°  in  amount  pumped 
around  in  30  seconds. 

Experiment  No.  II,  May  20th,  1886.  Propyl  alcohol  \  per 
cent  in  defibrinated  cairs  blood.  Isolation  completed  3.18  p.  m. 
Heart  under  experimentation  for  46  minutes. 


Time. 

Amount  pumped. 

In  80  seconds. 

Temp. 

Kind  of  blood. 

8.20 

168  cc. 

••• 

85.5<' 

Pure  blood. 

8.21 

170 

tt 

85.5 

tt 

8.22 

170 

tt 

85.5 

tt 

8.28  30  sec. 

... 

•  •• 

86 

Propyl  alcohol  J  5^. 

8.24  15 

105 

tt 

86 

<( 

8.26 

74 

tt 

86 

tt 

8.26 

42.5 

tt 

36 

tt 

8.26  80 

•  •• 

•  •• 

86 

Pure  blood. 

8.27  80 

72 

II 

86.5 

i( 

8.28  15 

100 

tt 

86.5 

tt 

8.29 

184.5 

tt 

86.5 

tt 

8.80 

164 

tt 

86.5 

tt 

8.80  45 

166 

tt 

86.5 

tt 

8.81  80 

168 

tt 

86.6 

tt 

8.82  30 

168 

tt 

87 

tt 

i 
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Time. 
8.88 
8.88  50 

8.84  45 

8.85  80 
8.86 
8.87 
8.88 
8.89 
8.40 
8.41 
8.42 
8.48 
8.48  30 
8.44  20 
8.46  88 
8.46  80 
8.47 
8.48 
8.49 
8.50 
8.51 
8.61  45 

8.53  15 
8.58 
8.68  48 

8.54  80 
8.55 

8.55  80 
8.66  15 
8.57 
8.58 
8.69 
8.59  45 
4.      80 
4.01 
4.02 
4.08 

4.03  30 

4.04  15 
4.05 
.4.06 

Heart 


Amount  pumped.       In  SO  seoonds. 


85 

50.5 

25.5 


60.6 

82 
120 
148 
161 
168 
164 

75.5 
45.5 
25 

... 

49.5 

78 
110 
160 
159 
160 

... 

60.5 

20 
Stopped. 

... 

80.5 

58 

64 

91 
108 
145 
148 
149 
160 

... 

80 
Stopped. 


... 
« 

<< 

... 
it 

n 
$t 
tt 
<( 
<l 
<l 

... 

tt 
tt 
tt 

tt 
tt 
tt 
tt 
t* 
tt 

•I 
tt 
tt 

... 

tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
it 

•  •  ■ 

tt 
it 


did  not  recover  under  pure  blood. 


Temp^ 

87 

87 

87 

87 

87 

87 

87 

87.5 

87.5 

87.5 

87.5 

87.5 

88 

88 

88 

88 

88 

88 

88.5 

88.5 

88.5 

88.5 

88.5 

89 

89 

89 

89 

89 

89.5 

89.5 

89.5 

89.5 

89.5 

40 

40 

40 

40 

... 

40 

40 

40.5 

40.5 


Kind  of  blood. 
Propyl  aloohol  i  %, 


tt 
tt 
tt 


Pure  blood. 


tt 
tt 
tt 
tt 

€t 
tt 

tt 


Propyl  alcohol  i  H,. 


tt 


tt 


tt 


Pure  blood. 


(< 
tt 
tt 
tt 
tt 
tt 


Propyl  aloohol  i  %, 


tt 


tt 


tt 


Pure  blood. 
<( 

tt 

tt 

tt 

tt 

tt 

it 

tt 

tt 

Propyl  alcohol  \  %. 
tt 

tt 

Pure  blood. 
tt 


Experiment  No.  II,  May  20, 1886.  Propyl  alcohol ^  percent. 
Besnits : 

At  36°  a  fall  from  170  cc.  to  105  cc,  or  reduction  of  65  cc.  in 
Amoant  pumped  around  in  30  seconds. 
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At  37°  a  fall  from  168  cc  to  86  cc.,  or  reduction  of  83  ce.  in 
smoant  pumped  around  in  30  seconds. 

At  38°  a  fall  from  164  cc.  to  75.5  cc,  or  reduction  of  88  cc.  in 
amoant  pamped  around  in  30  seconda. 

At  39°  a  fall  from  160  cc.  to  60.5  cc,  or  redaction  of  99..'i  cc. 
in  amoant  pumped  aroand  in  30  Beconde. 

At  40°  a  fall  from  160  cc.  to  30  cc,  or  redaction  of  120  cc.  in 
amount  pnmped  aronnd  in  30  Beconde. 

The  average  redaction  calculated  from  the  firat  three  meaeare- 
ments  is  78.83  cc.  in  30  seconds  at  37°. 

Beenlts  of  fonr  experiments  with  \  per  cent  propyl  alcohol : 
1.  May  18, 1886,  No.  I,  79.  cc  reduction  at  87°  in  30  seconds. 

3.  "     18,     "        "11,80.83  *'  37  « 
S.     "    20,     "       "    1,80.16          "            37  " 

4.  "    20,     "       "11,78.83  "  37  « 

4)318.82(79.705. 
Total  average  reduction  effected  by  \  per  cent  propyl  alcohol 
in  deiibrinated  calfs  blood  (result  of  four  experiments)  ■=.  79.705 
cc  at  37°  in  amount  pnmped  around  by  the  isolated  dog-heart 
in  30  seconds. 

Experiment  No.  I,  May  24,  1886.  laobntyl  alcohol  CtHjgO 
\  per  cent  in  defibrinated  calf's  blood.  Dog  under  morphine 
and  curare.  Heart  isolated  2.8  minntes  p.  m.;  remained  in  good 
condition  for  30  minutes. 


Time. 

AmouDt  pumped.        lo  80  oeoonda.   Temp. 

Etnd  of  blood. 

3.10 

196  CO. 

85.5" 

Paw. 

2.10  80  980. 

197 

"            86.5 

a.ii 

198 

85.5 

" 

a.ii80 

197 

86 

3.13 

ButrUlo.i<. 

3.18  46 

4S 

86 

3.18  80 

5 

86 

" 

2.18  40 

Stopped. 

8« 

3.14 

... 

Pure  blood. 

8.14  45 

34.5 

86.5 

3.16  80 

78 

86.5 

a.i«  in 

133 

86.5 

" 

3.17  10 

168.S 

88.5 

9.18 

179 

86.6 

" 
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Time. 

Amount  pumped. 

In  80  seconds. 

Temp. 

Kind  of  blood. 

3.18  40 

195 

<< 

86.5 

Pure  blood. 

2.19  15 

194 

(( 

37 

11 

2.19  45 

... 

*«  • 

... 

Butyl  ale.  \  %. 

2.20  80 

82.6 

a 

87 

II 

2.21 

8 

(( 

87 

11 

2.21  10 

Stopped. 

<( 

87 

i< 

2.21  45 

•  •• 

•  •• 

87.5 

Pure  blood. 

2.22  90 

41.5 

II 

87.5 

i< 

3.28  80 

85 

«< 

87.5 

II 

2.24  80 

140.6 

II 

87.5 

II 

8.35  80 

186 

it 

87.5 

II 

2.26  80 

194.5 

<i 

88 

II 

2.27  15 

192.5 

II 

88 

II 

8.27  45 

•  •• 

... 

•  •• 

Butyl  ale.  \  %. 

2.28  80 

31 

<i 

88 

II 

2.29 

Stopped. 

II 

88 

i< 

2.29  40 

... 

... 

88 

Pure  blood 

2.80  80 

85 

CI 

88 

II 

2.8180 

68.5 

II 

38.5 

II 

2.82  80 

97.5 

II 

88.5 

II 

2.83  80 

129 

II 

88.5 

II 

2.85 

186 

II 

88.5 

it 

2.86 

186 

II 

89 

it 

2.86  15 

... 

... 

89 

Butyl  ale.  ^  ^. 

2.87 

A  few  drops,  about  2  cc.         " 

89 

tt 

2.87  10 

Then  stopped. 

II 

89 

11 

2.87  40 

... 

... 

•  •• 

Pure. 

2.88 

Heart  did  not  begin  to 

pump  around 

again  under  pure  blood. 

KesultB  of  ^  per  cent  solution  of  primary  isobutyl  alcohol  in 
defibrinated  cairs  blood  on  isolated  dog-heart : 

At  86®  a  fall  from  197  cc.  to  45  cc,  or  reduction  of  152  cc.  in 
80  seconds. 

At  87°  a  fall  from  194  cc.  to  82.5  cc,  or  reduction  of  161.5  cc. 
in  80  seconds. 

At  38**  a  fall  from  192.5  cc  to  21  cc,  or  reduction  of  171.6  cc 
in  80  seconds. 

At  89°  a  fall  from  186  cc  to  2  cc,  or  reduction  of  184  cc 
(practically  186)  in  80  seconds. 

After  the  last  measurement  at  89®  the  heart  did  not  recover. 

Average,  161.66  cc.  at  87®  in  80  minutes  (taken  from  first 
three  m^surements). 

In  the  experiments  with  butyl  and  amyl  alcohols  measure- 
ments were  taken  as  often  as  possible.    Four  large  graduated 
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glasses  were  placed  in  a  row  next  to  the  outflow  tube,  which  was 
bent  like  a  hook.  As  soon  as  thirty  seconds  were  counted, 
during  which  blood  was  measured  into  one  graduate  with  the 
31st  second,  the  glass  (bent  end)  of  the  outflow  tube  was  hooked 
over  another  empty  graduate,  while  the  first  was  noted  and 
emptied  back  into  supply  bottle,  and  so  on  with  the  3d  and  4th 
graduate.  By  the  time  the  fourth  was  used,  the  first  graduate 
was  again  ready  for  measuring. 

May  24,  1886.  I.  Experiment. — Heart  and  lungs  covered 
with  ecchymoses  the  size  of  a  large  pea.  Lungs  very  oedematous. 
Left  ventricle  at  end  of  experiment  ceased  beating  before  the 
right. 


Experiment  No.  I,  June 
in  defibrinated  cairs  blood 
Isolation  completed  1.40  p. 


3, 1886.    Amyl  alcohol  ^  per  cent 
Dog  under  morphine  and  curare, 
m. ;  heart  lived  26  min.  30  sec. 


Time. 
1.45 
1.46 

1.46  80 

1.47  15 
1.48 

1.48  45 

1.49  15 

1.49  45 

1.50  80 
1.51 
1.52 

1.52  80 

1.53  15 
1.58  45 

1.54  80 
1.55 

1.55  80 

1.56  15 
1.57 

1.57  45 

1.58  80 

1.59  15 
2. 

2.   80 

2.01  15 

2.02  80 
2.02  40 


Amount  pumped* 
198  00. 
194 
194 
193.5 

•  •• 

48 

Stopped. 

*•. 
88 
111 
182.5 
184 
184.5 
«•. 
25 
Stopped. 

•  •• 

20 

94.5 
124 
181 

182 

182.5 

182 

•  •• 

A  few  drops,  about  1 
Stopped. 


•I 

it 

... 


In  80  seconds.   Temp. 
85.5*» 
85.5 
85.5 
86 
86 
86 
86.5 
86.5 
86.5 
86.5 
86.5 
86.5 
87 
87 
87 
87.5 
87.5 
87.5 
87.5 
87.5 
87.5 
87.5 
88 
88 
88 
00.      ••  38 

..•  88 


(I 
(( 
it 
it 

it 

... 
ti 

<c 

II 
II 

it 
II 
II 
II 
II 

II 


Kind  of  blood. 

Pure. 
II 


II 
II 


Amyl  aloohol  ^  %^ 


tt 
it 

Pure  blood. 

El 

;i 


Amjl  aloohol  ^  %, 
II 

II 

Pure  blood. 

ti 


Amj 


alcohol  ^  %, 


it 


tt 
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Time, 

Amount  pumped. 

In  80  seconds. 

Temp. 

Kind  of  blood. 

2.08 

•  a. 

•*• 

38 

Pure  blood. 

2.03  45 

10 

(( 

38.5 

i< 

2.04  80 

24 

<< 

38.5 

II 

2.05  15 

49 

<< 

88.5 

II 

2.06 

98 

«( 

38.5 

II 

2.06  85 

120 

«« 

88.5 

II 

2.07 

124 

<< 

89 

II 

2.07  80 

174 

« 

39 

n 

2.08 

180 

<( 

39 

II 

2.08  80 

180 

<i 

89 

ti 

2.Q9  80 

>•• 

II 

89 

Am  jl  aloohol  ^  ^ 

2.10 

Stopped. 

II 

89.5 

a 

2.10  45 

<( 

••• 

39.5 

Pure  blood. 

2.11  30    Began  again,  but  rery  irregular  and  weak. 


II 


Notes. — Heart  aod  luDgs  covered  with  large  ecchymoses. 
MeasurementB  were  taken  very  nearly  once  in  30  seconds. 

Eesnlts. — At  86**  a  fall  from  198.6  cc.  to  48  cc.,or  reduction  of 
150.5  cc. 

At  37°  a  fall  from  184.5  cc.  to  25  cc,  or  reduction  of  159.5  cc. 

At  38°  a  fall  from  182  cc-to  1  cc,  or  reduction  of  181  cc. 

This  gives  an  average  of  168.366  reduction  at  37°  in  the 
amount  pumped  around  in  30  seconds. 

The  last  measurement  under  amyl  alcohol  taken  at  2  o'clock 
9  minutes  80  seconds,  is  not  reliable,  because,  as  the  drug  produced 
a  reduction  of  181  cc.  at  38°,  it  would  certainly  from  what  we 
know  have  had  a  greater  effect  than  180  cc.  at  39.5°.  Moreover, 
the  heart  did  not  in  the  latter  case  make  a  recovery. 

Remits  of  Experiments  with  Amyl  Alcohol, 

I  per  cent  CsHiaO. — Reduction  in  amount  pumped  around  by 
isolated  dog-heart  in  15  seconds  at  87°,  effected  by  \  per  cent 
solution  of  amyl  alcohol : 

May  28,  1886, 161.66  cc.  June  1,  1886, 160.66  cc  Average, 
161.16  cc  at  87°  in  15  seconds. 

^  per  cent  CsHjjO.—Eeductions  under  -^  per  cent  amyl 
alcohol : 

May  27, 1886, 159  cc.  June  8, 1886  (I),  163.866  cc  June  8, 
1886  (II),  163.83  cc  June  4, 1886, 159.88.  Average,  161.508  cc. 
reduction  in  80  seconds  at  37°. 

If  we  may  judge  from  two  experiments  with  \  per  cent 
C5H12O,  and  compare  them  with  the  general  result  of  four  experi- 
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ments  with  -^  per  cent  C^HuO,  it  is  evident  that  \  per  cent  will 
caase  the  same  reduction  in  15  Beeonds  that  ^  did  in  30  seconds. 

^  per  cent  C,HuO.—  !R«dactiOQ  observed  in  one  experiment 
in  which  -^  per  cent  amyl  alcohol  waB  employed,  81.33  cc.  redac- 
tion in  30  BecondB  at  37°. 

Average  of  one  experiment  with  ^  amyl  alcohol  which  was 
started  at  a  high  temperstnre  and  gradnall;  lowered,  Jnne  4, 
1886, 158.83  cc.  reduction  at  37"  in  amonnt  pumped  around  in 
30  seconds. 
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ON  THE  YENTRICITI.AR  EPITHELinH  OF  THE 
FROG'S  BRAIN.  By  A.  C.  WIGHTMAN,  B.  A.,  Fellow 
by  Courtesy  of  the  Johns  Hopkins  nniTereity.  With  Plate  XXII. 

In  the  July  number  of  the  Johns  Hopkins  University  Circu- 
lars for  1888  there  appeared  a  short  abstract,  "  The  Ventricnlar 
Epithelium  of  the  Frog's  Brain,"  The  following  paper  is  a 
more  detailed  account  of  the  research  described  in  that  abstract. 
Sefore  proceeding  to  describe  the  methods  and  results  of  my 
vork,  a  brief  acconnt  of  the  results  reached  by  previous  investi- 
gators is  desirable. 

In  18i4,  Adolphe  Hannover  (!},'  who  was  the  first  to  study  the 
frog's  brain  with  a  microscope,  stated  that  all  the  ventricles  of 
the  brain  are  lined  by  coni(^l,  ciliated  cells,  from  whose  deeper 
ends  loug  fibers  extend  toward  the  periphery.  He  coDBidered 
the  cells,  not  as  epithelial,  but  as  true  nervous  cells. 

Alphonse  Blattmann  (2),  in  1850,  describes  the  walls  of  the 
ventricles  as  being  lined  with  ciliated  epithelium. 

Jeffries  Wyman  (3),  in  1852,  says  the  brain  cavities  are  lined 
with  ciliated  epithelial  cells. 

In  1864,  £.  Keissner  (1),  in  bis  excellent  description  of  the 
central  nervous  system  of  the  frog,  says,  in  reference  to  the 
epithelium  of  the  central  canal  of  the  spinal  cord — that  the  cells 
are  cylindrical,  spherical  or  spindle-shaped ;  that  it  is  uncertain 
whether  they  are  ciliated  or  not ;  that  from  the  tips  of  the  cells, 
the  bases  being  turned  towards  the  cavity  of  the  ventricle,  long 
processes  run  out  into  the  grey  substance.  The  thickness  of  the 
epithelial  layer  ho  gives  as  0.036^ ;  an  isolated  cell  is  in  length 
from  0.034/i-«.036// ;  in  breadth,  O.OOSfi-O.OOSft ;  the  nuclei  have 
diameters  from  0.006^-0.012//.  Frequently  the  nucleus  possesses 
no  nucleoli,  but  is  filled  with  fine  granules.  There  is  a  definite 
membrane  lining  the  bases  of  the  epithelial  cells.  As  regards 
the  brain,  he  states  that  in  the  sinus  rhomioideus  the  cells  are 
much  like  those  of  the  central  canal  of  the  spinal  cord,  and  that 

■  Thew  nnmben  rafet  to  the  "  Literature  "  at  the  end  ot  the  paper. 
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the  variations  which  occur  are  mostly  in  size,  seldom  in  form. 
In  several  ^places,  as  in  the  roofs  of  the  third  and  fourth  ven- 
tricles, the  long  epithelial  cells  pass  into  flat  cells;  from  the 
inner  ends  of  these  cells  processes  can  be  traced  far  into  the 
brain.  In  chromic  acid  preparations  he  described  a  clotted  seam 
on  the  bases  of  the  cells,  from  which  projected  clusters  of  fine 
hairs.  Ciliary  movement  could  be  detected  in  fresh  specimens, 
by  employment  of  pigment  or  a  little  chalk.  Eeissner  used 
vitreous  humor  to  moisten  the  epithelial  surface  in  order  to 
observe  the  movements  of  the  cilia. 

Schone  (5),  1865,  denies  the  presence  of  an  epithelial  lining  to 
the  central  canal  of  the  spinal  cord. 

In  1869,  Ludwig  Stieda  (6)  published  his  work  on  the  nervous 
system  of  vertebrates ;  he  says,  in  speaking  of  the  epithelium, 
that  the  central  canal  of  the  spinal  cord  is  lined  by  epithelial  cells 
which  are  cone-shaped,  the  bases  being  turned  toward  the  cavity. 
The  cells  measure  at  their  bases,  in  breadth  .004//,  in  length 
about  .04/1.  The  nuclei  are  large,  round  or  oblong,  and  .002//  in 
length.  From  the  cells  bordering  the  anterior  and  posterior 
(ventral  and  dorsal  respectively)  surfaces  of  the  canal,  fine  fibers 
or  processes  run  oflT,  which  processes  become  attached  to  similar 
processes  of  the  pia  mater.  The  cells  bordering  the  lateral 
regions  of  the  canal  have  processes  shorter  and  finer.  The  brain 
cavities,  like  the  central  canal,  are  lined  by  a  single  layer  of 
cylindrical  epithelium.  A  long  process  runs  out  from  the  tip  of 
each  cell.  At  certain  regions  of  the  brain  the  epithelium  changes 
in  character.  Wherever  pia  mater  alone  covers  the  ventricle — 
as  in  the  ventriculvs  communis  loborum  hemisphaericum^  the 
third  ventriclej  ander  the  cer^llv/m  and  so  forth — the  epithe- 
lium lining  that  surface  of  ihepia  facing  the  ventricular  cavity 
becomes  flattened. 

In  another  publication  in  1875,  Stieda  (9)  describes  the  corre- 
sponding epithelium  of  the  Axolotl.  In  the  spinal  cord  of  this 
animal  the  cells  are  not  regularly  arranged  around  the  central 
canal,  but  are  in  groups.  The  cells  are  of  two  kinds :  one  spindle- 
shaped,  with  a  long  neck,  the  other  cone-shaped.  The  nuclei  of 
these  two  kinds  of  cells  lying  at  different  levels,  those  of  the 
spindle  cells  lying  farther  from  the  canal,  give  the  appearance  of 
a  double  row  of  cells,  whereas  there  is  only  a  single  layer.    The 
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cells  vary  so  in  size  that  no  satisfactory  measarements  can  be 
given.  The  nuclei  measure  .012;i-.018/i.  The  processes  from 
these  cells  connect  with  the  pia  mater.  In  the  fonrth  ventricle 
the  cells  are  regularly  arranged,  are  cone  or  spindle-shaped,  with 
their  bases  towards  the  ventricle ;  here  the  cells  varj  in  length 
from  .021/i-.024^ ;  in  breadth  are  aboot  .016^.  The  relation  of 
cone  and  spindle  cells  is  the  same  as  in  the  central  canal,  the 
long  necks  of  the  spindle  cells  being  inserted'  between  the  cone 
cells.  The  epithelinm  of  the  other  ventricles  resembles  that  of 
the  fonrth  ventricle.   , 

Btieda,  in  describing  the  central  nervone  system  of  the  tortoise 
(10),  says  that  in  the  spinal  cord  he  could  not  establish  snch  con- 
oection  between  epithelial  processes  and  iiie;piamater  as  existed 
in  the  frog.  The  cells  are  small,  ill-defined,  and  possess  nnclei 
of  from  .007fi-.009(i  in  size.  The  atmuture  of  the  cell  and  the 
presence  of  cilia  could  not  be  made  ont.  The  majority  of  the 
cells  lining  the  ventricles  are  cylindrical ;  cone  and  spindle  cells 
are  also  foand.  Cells  vary  in  the  different  portions  of  the  brain ; 
all  grades  of  transitional  forms  can  be  seen.  The  choroid  plex- 
uses of  the  brain  are  all  constructed  alike ;  they  consist  of  a 
combination  of  pia  Tnaier  and  epithelial  cells.  The^Jwi  becomes 
much  folded,  and  the  folds  are  lined  with  cells  which  are  con- 
tinuous with  those  of  the  ventricles  of  the  brain.  The  blood- 
vessels run  in  these  folds.     The  cells  are  not  ciliated. 

Mierzejewsky  (7)  published  his  paper  in  1872.  He  says  that 
the  epithelial  cells  of  the  ventricles  and  of  the  central  canal  form 
a  continuous  layer.  They  are  cylindrical  or  flattened  in  shape. 
All  are  ciliated.  The  cells  of  the  ventricular  epithelium  send 
out  long  processes.  In  the  central  canal,  the  cells  on  the  ventral 
side  are  much  larger  and  possess  much  longer  processes  than 
those  on  the  dorsal  side.  There  is,  however,  no  sharp  division 
line  between  them.  The  same  is  true  of  the  veutricnlar  epithe< 
Hum  of  the  brain  ;  the  cells  on  the  ventral  snriaces  being  much 
larger  and  possessing  longer  processes  than  those  on  the  dorsal. 

KarabanovritBch  (8)  in  1872  declares  that  all  the  cells  lining 
the  central  canal  are  ciliated,  and  that  the  long  processes,  pene- 
trating into  the  cord,  lose  themselves  in  the  connective  tissue. 

Hoffmann  (11)  in  1878  agrees  with  Stieda  and  Reissner  in 
their  descriptions  of  the  epithelinm  of  spinal  cord  and  brain. 
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Mason  (12)  also  says  that  in  the  frog  the  epithelium  of  the 
ventricles  of  the  brain  and  of  the  central  canal  of  the  cord  consists 
of  conical  ciliated  cells.  From  these  cells  processes  nm  off,  to 
become  continnoas  with  the  substantia  reUcvlaaia, 

It  is  maintained  by  Oierke,  in  1883  (13)  and  again  in  1885 
(14),  that  the  epithelial  cells  of  the  ventricles  and  of  the  central 
canal  are  connected  by  their  processes  with  processes  from  glia 
cells. 

Obersteiner  (16)  says  that  the  tendency  of  modem  research  is 
to  show  that  the  epithelium  of  the  ventricles  of  the  brain  and  of 
the  central  canal  of  the  cord  is  of  a  nervous  nature.  Klaussner 
has  shown  that  the  processes  from  the  epithelial  cells  of  the 
spinal  cord  of  Proteus  (mgumeus  can  be  followed,  some  into  the 
posterior  root,  some  into  the  anterior  commissure.  All  the  cells 
are  ciliated  and  possess  large  oval  nuclei  having  nucleoli.  It  is 
probable  that  the  epithelium  lining  the  medulla  is  most  inti* 
mately  related  to  the  nervous  elements.  All  the  ganglion  cells 
of  the  central  organ  are  derived  from  the  epithelial  cells,  though 
the  transition  from  one  form  to  the  other  is  not  clear.  In 
AmoooeteSy  according  to  Herms,  large  ganglion  cells  arise  within 
the  ventricular  epithelium  by  the  quick  growth  of  certain  cells. 
These  cells  then  sink  into  the  brain  substance,  to  become  gang* 
lion  cells.  Freud  found  that  the  processes  from  the  epithelial 
cells  and  nerve  fibers  stained  exactly  alike  with  gold. 

In  my  own  work  the  following  method  was  adopted  to  extract 
the  brain  and  spinal  cord  of  the  frog  from  the  cranium  and 
vertebral  column  uninjured.  The  frog  used  was  the  JRana 
cateshiana,  the  common  buU-frog.  The  animal  was  killed  with 
ether  or  chloroform ;  after  removing  the  skin  from  the  dorsal 
surface,  the  muscles  of  the  vertebra  were  stripped  off  up  to  the 
base  of  the  skull.  With  a  pair  of  scissors  the  vertebral  column 
was  severed  just  anterior  to  the  sacral  vertebra.  Holding  the 
spinous  process  of  one  of  the  vertebra  with  the  forceps,  it  is  easy 
to  introduce  a  pair  of  scissors  into  the  neural  canal  and  to  suc- 
cessively clip  the  neural  arches  of  all  the  vertebrae,  working 
from  posterior  to  anterior,  lifting  off  at  the  same  time  the  sepa* 
rated  portion.  In  this  way  the  whole  of  the  dorsal  half  of  the 
vertebral  column  and  of  the  cranium  can  be  taken  off,  leaving 
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the  brain  and  epinal  cord  absolntely  nninjiired.  Then  after 
catting  the  roots  of  all  the  oerebro-apinal  nerves,  the  central 
nervone  eyetem  can  be  easily  lifted  out 

The  brain  and  spinal  cord  so  obtained  were  transferred  to 
some  one  of  the  nsnal  hardening  agents,  as  Mjiller's  fluid,  potas- 
eiom  bichromate,  corrosiTc  sublimate,  nitric  acid,  or  osmic  acid. 

For  the  porpose  of  staining,  hsamatoxylin,  Oanle's  qnadraple 
method  (hfematoxylin,  nigrosin,  aaffranin,  eosin),  Weigert'a 
hfetnatoxylin  method,  Golgi's  silver  nitrate  method,  and  gold 
chloride  were  nsed.  The  method  which  proved  most  satisfactory 
was  to  place  the  brain  and  spinal  cord  in  five  per  cent  nitric  acid 
for  two  honrs,  wash  out  well  in  mnning  water  for  half  an  honr, 
transfer  to  30  per  cent  alcohol  for  three  hours,  then  to  50  per 
cent  for  two  honrs,  70  per  cent  for  one  hoar,  90-95  per  cent 
indefinitely — two  days  is  enough.  After  hardening  sufficiently, 
the  brain  and  spinal  cord  were  well  washed  in  water  and  then 
soaked,  for  half  an  honr  at  least,  with  a  2  per  cent  solution  of 
potassium  bichromate,  after  that  they  were  quickly  washed  in 
distilled  water  and  transferred  to  a  solution  of  Bohmer's  baama- 
tozylin.  In  this  solution  of  htematoxylin  the  specimen  was 
kept  for  two  to  three  days,  heating  the  solution  each  day  for  one 
hour  up  to  38°  C.  It  was  next  well  washed  in  water,  dehydrated 
by  alcohol,  embedded,  and  sections  cut  with  the  microtome  and 
mounted  in  the  usual  manner.  This  method,  a  combination  of 
those  recommended  by  C.  S.  Minot  and  A.  5.  Lee,  yields  excel- 
lent stains  of  the  epithelial  lining  of  the  brain.  In  the  stained 
aectiona  any  surplus  color  can  easily  be  removed  by  acidulated 
alcohol. 

For  the  preparation  of  teased  specimens,  Dogiel's  method  (16) 
was  followed  with  excellent  results.  The  brain  and  spinal  cord 
were  removed  from  the  neural  cavity,  and  the  ventricles  and 
central  canal  were  laid  open  so  as  to  give  free  access  to  the 
reagent;  then  the  whole  was  placed  in  a  one  percent  solntion 
of  osmic  acid  for  18-24  hours,  and  next,  after  being  thoroughly 
washed  with  distilled  water,  were  placed  aside  to  macerate  in  a 
little  water  for  one  week.  The  specimen  was  finally  transferred 
to  a  mixture  of  one  half  glycerine,  one  half  water  for  a  day,  then 
into  pure  glycerine.  Small  portions  of  the  brain  were  placed, 
with  a  drop  of  glycerine,  under  a  cover  glass  supported  by  a  bit 
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of  paper  to  prevent  undue  pressure.  By  tapping,  or  by  giving 
a  gentle  sucking  action  to  the  cover  glass  by  alternately  pressing 
and  relieving,  the  cells  can  readily  be  separated. 

Distribution  of  the  epithdiwm. — The  epithelium  of  the  frog's 
brain  and  spinal  cord  forms  a  continuous  lining  to  all  the 
cavities  of  the  central  nervous  system.  It  is  everywhere  a 
single  layer  thick.  Though  forming  a  continuous  lining,  yet  the 
character  and  size  of  the  cells  vary  considerably.  In  the  lateral 
ventricles  (Plate  XXII,  Figs.  1,  2,  3),  at  the  middle  region  of  the 
right  and  left  surfaces  of  the  cavity,  the  cells  are  regular  in  shape 
and  size  and  clearly  in  a  single  layer ;  at  the  dorsal  and  ventral 
angles  of  the  cavity,  these  cells  become  slightly  larger,  more 
crowded,  and  less  regularly  arranged.  From  the  tip  of  each 
epithelial  cell  a  tail-like  process  can  be  seen  running  into  the 
brain  substance,  where  it  becomes  lost. 

In  the  third  ventricle^  at  the  dorsal  (except  on  the  roof  of  the 
ventricle)  and  ventral  portions  of  the  cavity,  the  cells  are  typical 
epithelial  cells  (Plate  XXII,  Figs.  4,  5, 6) ;  in  the  middle  region, 
however,  these  cells  are  larger,  more  elongated,  apparently  two 
layers  deep,  and  from  their  tips  much  stronger  processes  pene- 
trate the  brain  substance.  Those  cells  lining  the  internal  surface 
of  the  pia  mater  forming  the  roof  of  the  ventricle  are,  on  the 
contrary,  small,  cuboidal,  and  apparently  tailless.  The  columnar 
and  conical  cells  of  the  lateral  walls  of  the  ventricle  pass  gradu- 
ally into  these  cuboidal  cells.    (Plate  XXII,  Fig.  4.) 

Stieda  (6)  and  Mierzejewsky  (7)  have  also  noticed  this  change^ 
see  extracts  given  above.  In  the  region  of  the  optic  lobes  (Fig. 
7),  the  cells  present,  also,  different  appearances  at  different  parts; 
those  lining  the  cavity  of  the  optic  lobes  being  small,  regular, 
and  not  particularly  noticeable ;  from  them  small  tail  processes 
run  into  the  brain  substance ;  those  cells  lining  the  Aqueduct  of 
Sylvius  are  more  than  twice  as  large,  are  much  more  crowded, 
especially  at  the  ventral  angle  of  the  cavity,  and  have  extremely 
long  and  noticeable  processes  (Figs.  7  and  8).  In  ihib  fourth 
ventricle  (Figs.  9, 10,  11)  the  cells  lining  the  floor  are  compara- 
tively large  and  possess  long  and  strong  processes,  the  cells  of 
the  roof  of  the  ventricle  are  smaller  and  their  processes  are  not 
so  conspicuous.    This  apparently  is  the  general  rule,  the  epithe- 
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lial  cells  on  the  ventral  anrfaoee  of  the  ventricleB  are  larger  than 
those  OD  the  doreal,  Bee  Mierzejeweky  (7)  quoted  above.  It  is 
certainly  tme  for  the  frog  (Figs.  4,  7,  8,  9,  10, 11). 

The  relation  of  the  epithelial  cells  to  the  brain  ceUa. — The  most 
cnrsory  examination  of  a  seriee  of  eections  from  the  brain  of  the 
frog  will  reveal  the  fact  that  there  is  a  definite  relation  between 
brain  cells  and  the  epithelial  lining.  Passing  from  the  fore-brain 
backwards  and  beginning  onr  examination  with  a  section  taken 
from  the  region  of  the  cerebral  hemispheres  (Fig.  1),  it  will  be 
seen  that  the  cells  of  the  brain  are  arranged,  not  promiscnonsly, 
but  in  groups  and  layers  concentric  to  the  epithelium ;  the  pro- 
cesses from  these  latter  cells  giving  the  brain  a  striated  appear- 
ance. More  posteriorly  in  the  third  ventricle^  this  concentric 
arrangement  is  still  more  striking  (Fig.  4).  Here  not  only  are 
the  brain  cells  arranged  concentric  to  the  epithelium,  but  there 
is  a  special  point  in  the  lateral  portion  of  the  epithelial  lining 
which  seems  to  be  a  center  around  which  the  brain  cells  are 
grouped.  In  Fig.  4  this  point  is  shown  on  the  lateral  walls  at 
the  level  where  the  epithelium  appears  folded ;  Fig.  5  also  shows 
it,  but  cells  here  are  larger,  more  numerous  and  apparently  in 
several  Jay  ers,  compare  this  with  Fig.  6  taken  from  the  same  side 
more  ventrally.  At  this  central  region,  also,  the  processes  are 
longer,  larger  and  more  numerous.  Passing  still  more  posteriorly 
in  tiie  third  ventricle,  the  same  arrangement  is  seen. 

In  the  region  of  the  optic  lobes  (Fig.  7)  the  relation  of  brain 
cells  to  epithelial  cells  is  the  same.  The  concentric  grouping 
is  striking ;  close  to  the  epithelial  lining  of  the  optic  lobe  cavity 
is  a  layer  of  brain  cells,  just  beyond  a  layer  made  ap  of  fibers 
from  cells  and  processes  from  the  epithelium ;  next  a  layer  of 
brain  cells  not  so  closely  packed  as  the  first  layer ;  then  another 
fibrous  layer,  then  another  cell  layer,  another  fibrous,  and  so  on, 
the  layers  becoming  less  and  Iqbb  definite  until  the  sharp  dis- 
tinction between  cell  layer  and  fibrous  is  lost  and  the  cells  and 
fibers  become  promiscuously  mixed.  In  the  Agv^uct  of  Sylvius 
the  epithelial  cells  are  of  the  same  size  and  shape  as  those  at  the 
central  region  of  the  third  ventricle  (Figs.  7  and  8).  The  pro- 
cesses from  these  cells  can  easily  be  traced  into  the  brain  snb- 
stance  for  a  distance  nine  or  ten  times  longer  than  the  cells. 
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The  vGDtral  angle  of  the  Aqueduct  of  Sylvius  ia  most  interesting 
(Fig.  8).  The  epithelial  cells  can  be  very  distinctly  made  out 
and  their  processes  followed  for  an  astonishing  distance.  Close 
beneath  the  epithelial  layer  lie  little  packets  or  groups  of  cells. 
The  clusters  contain  varying  numbers  of  them.  Each  cell  of  the 
cluster  sends  out  two  processes,  one  goes  to  an  epithelial  cell  and 
becomes  united  with  it,  the  other  penetrates  the  brain  substance 
and  becomes  lost.  Apparently  the  clusters  and  groups  of  cells 
are  derived  from  the  close-lying  epithelial  layer.  The  size  and 
shape  of  the  nuclei  of  both  classes  of  cells,  their  behavior  towards 
staining  reagents,  and  the  direct  connection  with  one  another  of 
the  cluster  and  epithelial  cells,  indicate  that  these  cells  of  the 
clusters  so  closely  related  to  brain  cells,  are  probably  inter- 
mediate between  nerve  and  epithelial  cells.  The  tail  pro* 
cesses  of  the  epithelial  cells  lining  the  ventricles  of  the  frog's 
brain  are  therefore  to  be  regarded  as  connections  or  the  remnants 
of  connections  between  epithelial  and  nerve  cells.^ 

In  the  fov/rth  ventricle  (Figs,  9,  10,  11)  the  same  general 
arrangement  is  found.  The  floor  of  the  ventricle  is  lined  with 
large  epithelial  cells,  each  sending  out  into  the  brain  substance  a 
long,  strong  process  (Fig.  2).  In  Fig.  9  the  cerebellum  and 
medulla  are  outlined;  the  cells  of  the  cerebellum  in  such  a 
section  show  no  concentric  arrangement.  Fig.  11  will  show  the 
size,  shape  and  arrangement  of  the  cells  on  the  under  surface 
of  the  cerebellum ;  they  are  smaller,  more  regularly  set,  and  do 
not  possess  such  pronounced  processes  as  those  lining  the  rest  of 
the  ventricles  of  the  brain.  The  concentric  arrangement  is  clearly 
shown  in  the  medulla  (Fig.  9). 

Si/ructure  and  connections  of  the  epithelial  ceUe. — Leaving 
now  the  examination  of  stained  specimens  and  passing  to  a  study 
of  teased  preparations,  it  was  found,  as  Stieda  has  already  shown 
for  the  epithelium  of  the  axolotl  (9),  that  there  are  several  kinds 
of  cells  which  vary  much  in  size  and  shape.  However,  every 
form  of  gradation  between  each  kind  can  readily  be  found.  The 
cells  of  the  epithelium  may  be  conveniently  described  as  con- 
sisting of  two  typical  kinds,  a  columnar  and  a  spindle-like  form, 

1  See  Obersteiner  (16)  quoted  above,  page  264. 
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with  intermediate  shapes.  On  snrface  view  the  epithelium 
showe  closely  packed  cells  (the  colaninar-shaped  cells)  presenting 
a  polygonal  area,  while  the  sjiindle  cells  and  their  varieties  are 
represented  by  oblong  spots  or  thick  short  lines  scattered  between 
the  cells. 

The  columnar  cells  (Figs.  17,  18  and  22)  consist  of  a  stoat, 
more  or  less  regular  body ;  from  the  basal  end  of  each  there 
projects  into  the  ventricular  cavity  a  closely  set  cluster  of  cilia. 
Each  cilinm  bears  at  its  base,  where  it  joins  the  cell,  an  enlarge- 
ment This  row  of  enlai^ements  is  the  cause  of  the  so-called 
"  basal  seam  "  when  seen  under  a  low  power  of  the  microscope. 
The  protoplasm  of  the  cell  can  be  followed  directly  into  the  cilia. 
The  other  end  of  the  cell  tapers,  more  or  loss  suddenly,  into  a 
long,  comparatively  stout  protoplasmic  process. 

The  other  class  of  cells,  the  spindle  (Figs.  12, 1 5,  22,  23),  mainly 
conaista  of  an  oval  or  oblong  body.  From  this  central  portion 
the  body  tapers  into  two  processes,  one  going  to  the  ventricle, 
where  it  expands  again  at  the  surface  into  a  small  enlargement. 
On  this  little  head  is  borne  a  cluster  of  cilia,  each  having  its  baaal 
swelling ;  the  other  process  runs  from  the  body  of  the  cell  and 
forms  a  long  tail  which  penetrates  far  into  the  brain  substance. 

Cells  are  frequently  foond  possessed  of  an  extremely  long  and 
thin  ventricular  process  with  no  expanded  tip  (Figs.  18  and  25) ; 
others  are  seen  whose  ventricular  processes  are  scarcely  at  all 
contracted  (Figs.  15,  20,  22);  then  there  are  found  cells  of  a  true 
cone  shape,  with  no  ventricular  process  whatever  (Figs.  18, 19, 
21,  23,  27);  finally  we  easily  pass  to  the  other  distinct  class,  the 
columnar  (Figs.  IT,  18,  22).  In  Fig.  28  is  ahown  a  bit  of  teased 
epithelium,  in  which  the  several  classes  of  cells  are  easily  seen. 

An  interesting  modification  of  the  spindle  cells  is  shown  in 
Figs.  13  and  14.  Here  the  central  body  also  sends  ont  two  pro- 
cesses, the  one  running  into  the  brain  substance,  the  other 
extending  towards  the  ventricle.  This  latter  in  its  course 
expands  so  as  to  become  spoon-shsped,  fitting  nicely  in  between 
the  cone-ebaped  or  columnar  cells.  On  the  external  ventricular 
rim  of  the  spoon-shaped  procees  is  seen  the  row  of  cilia. 

As  Stieda  (9)  showed  that  in  the  epithelium  of  the  spinal  cord 
of  the  axolotl  the  cells  were  in  a  single  row,  the  appearance  of  a 
doable  row  of  cells  being  due  to  the  nuclei  being  at  different 
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levels,  80  here  the  appearance  of  several  layers  of  cells,  as  seen 
in  Figs.  4,  6,  6,  7  and  8,  is  due  to  the  different  relative  positions 
of  the  nuclei  belonging  to  the  several  classes  of  cells  described 
above.  (See  Figs.  15,  18  and  28.)  The  epithelium  of  the  ven- 
tricles of  the  frog's  brain  is  everywhere  a  single  layer  of  cells. 

As  to  the  size  of  the  cells,  Eeissner's  (4)  measurements  are 
approximately  correct:  length  .024;t£-.036/^,  breadth  .005/*- 
.008/^,  length  of  the  nucleus  .006//-.012/iC. 

The  tail  processes  extending  from  the  deeper  end  of  each  cell 
into  the  brain  substance  deserve  especial  attention.  It  will  be 
seen  on  referring  to  the  historical  portion  of  this  paper  that  the 
majority  of  investigators  believe  that  these  tail  processes  are  con- 
nected with  the  pia  mater.  The  results  of  carefully  teased 
preparations,  however,  do  not  support  this  opinion.  The  pro- 
cesses vary  much  in  size  and  length.  They  are  small  and  delicate 
in  the  lateral  hemispheres,  large  and  long  in  the  third  ventricle, 
small  and  delicate  in  the  cavity  of  the  optic  lobes,  strong  and 
well  developed  in  the  aqueduct  of  Sylvius  and  the  fourth  ventri- 
cle. Successfully  teased  preparations  show  (1)  the  processes 
are  Iranched^  (2)  one  at  least  of  the  branches  ends  in  a  brain 
cell.  (Figs.  16, 19,  23,  26  and  27.)  Though  the  tail  processes 
are  branched,  yet  a  process  in  connection  with  two  or  more  brain 
cells  has  not  been  found. 

Observations  on  the  living  eeUs. — The  brain  and  spinal  cord  of 
a  frog  were  carefully  removed  and  placed  in  a  glass  trough  under 
normal  salt  solution.  The  cerebral  hemispheres  were  cut  open 
by  a  longitudinal  slit  through  the  dorsal  angles  of  each  hemi- 
sphere, so  as  to  expose  the  epithelium  of  the  lateral  ventricles ; 
the  same  was  done  for  the  ventricles  of  the  optic  lobes,  the  aque- 
duct of  Sylvius,  the  fourth  ventricle  and  the  central  canal  of  the 
spinal  cord;  a  continuous  ciliated  passage  from  the  lateral  ventri- 
cles down  to  the  central  canal  was  thus  obtained.  With  the 
microscope  the  cilia  could  now  be  seen  in  active  motion.  If  now, 
with  a  pipette,  a  drop  of  water  containing  finely  ground  carmine 
be  placed  in  the  cavity  of  any  of  the  ventricles,  a  most  interest- 
ing sight  is  obtained.  Some  of  the  carmine  particles,  settling  in 
the  water,  are  caught  on  the  cilia.  This  affords  an  excellent 
means  of  watching  the  movements ;  the  little  particles  of  carmine 
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are  vigorously  laehed  to  and  fro.  At  a  temperatnre  of  15°  C, 
the  following  tneasaremente  Were  made: 

No.  1.  With  a  comparatively  large  carmioe  particle,  a  cilinm 
in  the  third  ventricle  beat  100  times  per  minate. 

No.  2.  In  tlie  same  field  of  the  microscope  and  close  to  No.  1, 
a  cilium  bearing  a  piece  of  carmine  about  one-half  as  large  as 
that  of  No.  1  beat  120  per  minute. 

No.  3.  In  fourth  ventricle  a  cilinm  beat  108  per  minute,  the 
carmine  particle  being  larger  than  that  of  No.  2. 

No.  4.  Fonrth  ventricle  cilinm  beat  144  per  minate,  carmine 
smaller  than  No.  2. 

No.  5.  Fourth  ventricle  138  per  minute,  carmine  about  the 
same  size  as  that  of  No.  2, 

The  cilia  of  the  cells  of  the  spinal  canal  also  beat  at  the  rate 
of  from  100  to  200  strokes  per  minute.  No  such  thing  as  a  wave 
of  ciliary  motion  could  be  observed  passing  along  the  ventricles, 
hut  all  over  the  microscopic  field  cilia  could  be  seen  beating 
independently,  some  slowly,  some  quickly,  frequently  side  by 
side  at  difierent  rates.  Each  beat  consisted  of  a  qnick,  vigorous 
stroke  and  a  comparatively  slow  recovery.  By  carefully  watch- 
ing it  was  seen  that  the  vigorous  strokes  were  directed  always 
posteriorly ;  consequently,  as  indicated  by  floating  carmine  parti- 
cles, a  current  of  water  was  driven  from  tlie  fore-brain  backwards. 

In  no  case  waa  there  evidence  of  the  existence  of  limiting  mem- 
branes, either  external  or  internal,  to  the  epithelial  lining  of  the 
ventricles  (Fig.  28).  The  cells  sometimes  show  a  tendency  to 
adhere  by  their  bases,  the  ventricular  ends,  but  this  may  be  due 
to  the  presence  of  an  adhesive  substance,  or  to  the  interlocking 
of  the  hardened  cilia. 

The  brain  and  spinal  cord  of  the  tadpole  of  the  same  species 
of  frog  were  also  examined,  employing  the  same  methods.  The 
results  were  identical  with  those  given  above. 

Concluaiona.  1.  The  epithelial  layer  of  the  frog's  brain  and 
spinal  cord  forms  a  continnons  lining  to  the  central  nervous 
system.     It  is  everywhere  a  single  layer  thick. 

2.  The  epithelium  of  the  Tentricles  forma  a  central  zone  of 
cells,  about  which  the  brain  cells  are  concentrically  arranged. 

8.  The  cells  of  the  epithelium  and  of  the  brain  are  connected 
by  proceesea  which  extend  from  the  tips  of  the  former. 
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4.  The  epithelial  layer  consists  of  cells  of  several  varieties,  the 
columnar,  the  spindle  and  intermediate  forms.     All  are  ciliated. 

Before  closing,  I  desire  to  express  my  thanks  to  Professor 
Martin  for  valuable  suggestions,  and  to  Dr.  Brooks,  Dr.  Howell, 
and  Dr.  Donaldson  for  many  kindnesses  extended  during  the 
progress  of  my  work. 
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EXPLANATION  OF  PLATE  XXII. 

Fig.  1. — Gross  section.  Cerebral  hemisphere,  showing  lateral  ven- 
tricle.   Nitric  acid  and  hasmatoxylin.    Zeiss'  camera,  Obj.  A. 

Fig.  2. — Upper  or  dorsal  angle  of  the  ventricle,  from  Fig.  1. 
Zeiss'  D. 

Fig.  3. — Lower  angle  of  ventricle.    Zeiss'  D. 

Fig.  4. — Section  across  anterior  portion  of  the  third  ventricle. 
General  view.    Zeiss'  camera,  Obj.  A.    Treatment  same  as  Fig.  1. 

Fig.  5. — Middle  portion  of  left  ventricalar  wall,  from  Fig.  4. 
Zeiss'  camera,  D. 
.  Fig.  6. — Lower  part  of  same  side.    Zeiss'  camera,  D. 

Fig.  7. — Section  from  the  optic  lobes,  showing  optic  lobe  cavity  and 
the  aqaedact  of  Sylvius.    Zeiss'  camera,  Obj.  A. 

Fig.  8. — Ventral  angle  of  aqueduct  of  Sylvius,  from  Fig.  7.  Zeiss' 
camera,  Obj.  D.  Nitric  acid  and  hsematoxylin.  Shows  the  increase  in 
size  and  the  connections  of  the  epithelial  cells  very  clearly. 

Fig.  9. — Section  across  the  cerebellum  and  fourth  ventricle.  Nitric 
acid  and  hsematoxylin.  Zeiss'  camera,  Obj.  A.  The  details  of  the 
structure  of  the  cerebellum  and  medulla  have  not  been  drawn. 

Fig.  10. — Epithelium  at  ventral  angle  of  the  fourth  ventricle. 
Zeiss'  camera,  Obj.  D  of  Fig.  9. 

Fig.  11. — ^Epithelium  of  the  cerebellum  wall  of  Fig.  9.  Zeiss' 
camera,  Obj.  D.    Gaule's  quadruple  method. 

Fig.  19. — Isolated  group  of  cells  from  lateral  ventricles.  Shows 
ciliated  epithelial  cell,  branched  process,  and  union  with  brain  cell. 
Dogiel's  method.    4,  D.  Zeiss. 

Figs.  15  and  18. — Groups  of  epithelial  cells  with  processes. 

Figs.  12,  20,  21  and  25.— Isolated  cells.    Third  ventricle. 
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Pig.  28. — Piece  of  the  wall  of  the  third  ventricle,  shows  the 
different  classes  of  cells. 

Figs.  13  and  14. — Cells  from  third  ventricle,  with  spoon-shaped 
ventricular  processes. 

Fig.  24. — Isolated  cell  with  branched  process.    Lateral  ventricle. 

Figs.  12, 17  and  22. — Cells  of  the  columnar  and  spindle  varieties. 
Third  ventricle  and  aqueduct  of  Sylvius. 

Fig.  23. — Cells  from  fourth  ventricle.  Spindle  cells  and  a  cone 
cell  are  shown;  the  process  from  the  cone  cell  unites  with  a  multi- 
polar brain  cell.    Zeiss'  4,  D. 

Fig.  27. — Third  ventricle,  ciliated  cell  sends  out  the  process  which 
joins  a  brain  cell.    Zeiss'  camera,  D. 

Fig.  16. — Optic  lobe  cavity.  Shows  connection  of  epithelium  cell 
to  brain  cell. 

Fig.  26. — Third  ventricle.  Isolated  cell  with  branched  process 
joining  a  brain  cell. 
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ON   THE  TEMPERATURE  LIMITS  OF  THE  VI- 
TAXITY  OF  THE  MAMMALIAN  HEART.    By 

H.  NEWELL  MARTIN,  M.  A.,  M.  D.,  D.  Sc,  P.  B.  S.,  and 
E.  C.  APPLEGARTH,  B.  A.,  Fellow  of  the  Johns  Hopkins 
University.    With  Plates  XXIII,  XXIV,  XXV. 

Some  years  ago  one  ofns^  published  the  results  of  a  research 
showing  that  between  the  limits  27°  0.  and  41*^  C,  the  heart  of 
tlie  dog,  when  isolated  from  all  other  organs  but  the  lungs,  beats 
quicker  the  higher  its  temperature,  so  that  by  heating  or  cooling 
the  blood  supplied  to  the  isolated  organ  through  the  superior 
vena  cava,  the  pulse  rate  could  be  controlled. 

These  earlier  experiments  made  it  clear  for  the  range  of  temper- 
atures above  stated,  that  the  tendency  to  beat  quicker  at  a  higher 
temperature  was  a  fundamental  property  of  the  heart,  and  that 
the  cardiac  muscle  of  the  dog  agreed  in  the  dependence  of  .its 
rhythm  upon  temperature  changes  with  the  histologically  very 
different  muscle  tissue  of  the  frog's  heart.  A  question  which 
then  presented  itself  was,  What  are  the  limits  of  temperature 
within  which  the  heart  of  a  mammal  will  beat  at  all  ?  It  also 
seemed  of  interest  to  ascertain  whether  mammalian  cardiac 
muscle  agreed  with  amphibian  in  having  an  optimum  tempera- 
ture at  which  its  rate  of  beat  was  quickest,  beyond  which  any 
increase  would  slow  the  rhythm,  without  necessarily  killing  the 
heart.  That  there  was  some  such  optimum  for  the  dog's  heart 
was  rendered  probable  by  the  fact  that  in  some  of  the  earlier 
experiments'  it  appeared  that  heating  the  organ  a,bove  42°  C. 
slowed  its  beat. 

Attempts  made  three  or  four  years  ago  to  solve  these  problems 
were  futile,  because  near  the  liminal  temperatures,  high  or  low, 
the  heart  beat  with  so  little  force  that  its  death  seemed  rather 
due  to  deficient  circulation  through  the  coronary  capillaries  than 
to  direct  influence  of  heat  or  cold  on  the  cardiac  muscular  or  ner- 
vous tissues.     Our  problem  was,  therefore,  to  keep  the  cardiac 

» H.  N.  M.    Phil.  Trans.  Roy.  Soc.  1888,  Pt.  II,  p.  663. 
« Phil.  Trans.  1888,  Pt.  II,  table  on  p.  681. 
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vessels  well  supplied  with  blood  whether  the  heart  beat  feebly  or 
strongly,  and  at  the  same  time  to  vary  its  temperature  at  will. 
The  first  requirement  it  seemed  we  might  attain  by  connecting 
the  aortic  stump  of  the  isolated  heart  with  a  Mariotte  flask  filled 
with  blood  and  kept  at  a  constant  level  above  the  orgAn.  Under 
such  circumstances  a  constant  pressure  would  be  maintained  in 
the  coronary  arteries,  quite  independent  of  the  force  of  the 
heart's  beat.  If  this  could  be  done  and  the  heart  kept  alive,  it 
would  be  easy  to  add  arrangements  for  varying  the  temperature. 
A  preliminary  experiment  or  two  havijig  showed  that  the  plan 
was  feasible,  we  arranged  our  apparatus  essentially  as  indicated 
diagrammaticly  in  Plate  XXIII. 

The  heart  was  isolated  in  the  manner  described  in  previous 
numbers  of  this  Journal,  and  throughout  the  experiment  was 
contained  in  a  large  moist  chamber,  A  ;  part  of  the  roof  and  of 
one  end  of  this  are  indicated  at  a  and  a!  in  the  figure.  This 
chamber  has  no  floor ;  it  sits  in  a  shallow  iron  trough  containing 
water,  which,  during  an  experiment,  is  heated  by  Bunsen's 
burners  placed  under  the  trough  so  as  to  keep  it  and  the  chamber 
warm,  and  the  air  within  the  chamber  saturated  with  moisture. 
This  air  is  (so  far  as  necessary  occasional  opening  the  doors  of  the 
chamber  will  permit)  kept  at  a  temperature  ranging  between  38® 
and  40°  C.  The  chamber  used  was  that  described  in  the  first 
number  of  the  fourth  volume  of  these  Studies  (p.  41),  and  figured 
in  Plate  V  accompanying  that  number.  Most  accessories  had, 
however,  to  be  changed  when  the  experiments  described  in  this 
article  were  undertaken  ;  the  Mariotte  flasks,  for  instance,  were 
placed  outside  the  chamber  instead  of  inside  it ;  and  a  new  form 
of  aortic  cannula  had  to  be  devised. 

The  animal  (cats  were  used  in  all  cases)  was  rendered  insen- 
sible by  inhalation  of  ether  or  by  subcutaneous  injection  of  paral- 
dehyde, and  then  given  curare  in  some  cases,  in  others  not. 
Paraldehyde  in  doses  of  about  6  cc.  we  found  on  the  whole  the 
most  satisfactory.  Tracheotomy  was  next  performed  (as  a  pre- 
liminary to  opening  the  thorax),  and  the  wind-pipe  connected 
with  the  apparatus  for  artificial  respiration.  The  thorax  having 
been  opened,  and  most  vessels  of  the  systemic  circulation  tied 
essentially  as  described  previously,^  the  glass  cannula  shown  in 

^Stud.  from  Biol.  Lab.,  Vol.  IV,  p.  86. 
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Plate  XXIII  was  tied  into  the  distal  end  of  the  aortic  arch. 
This  cannula^  has  three  side-pieces ;  through  the  one  farthest  from 
the  heart  it  is  supplied  with  defibrinated  blood  from  the  Mar- 
iotte  flasks  through  the  rubber  tube^;  through  the  next  the 
most  of  this  blood  is  carried  off  through  the  tube  q  and  poured 
into  a  funnel ;  the  height  of  this  funnel  above  the  heart  of  course 
determines  the  pressure  in  the  aortic  stump.  A  thermometer  was 
tied  into  the  third  branch  of  the  cannula,  as  shown  in  the  diagram. 
All  branches  of  the  aortic  arch  except  the  coronaries  were  of  course 
closed.  The  blood  supplied  to  the  aortic  stump  could  thus  escape 
only  through  q  into  the  funnel  shown  in  the  plate,  or  through  the 
circuit  j',  indicated  by  dotted  lines,  and  consisting  of  the  coronary 
vessels.  The  blood  taking  the  coronary  circuit,  on  reaching  the 
right  auricle  proceeded  to  the  corresponding  ventricle,  and  from 
it  through  the  lungs  to  the  left  auricle.  This  blood  (that  taking 
circuit  ^)  was  therefore  the  only  blood  entering  the  cavities  of 
the  heart  or  passing  through  the  lungs,  unless  there  were  some 
ineflSciency  of  the  aortic  semilunar  valves.  That  the  cavitie8«of 
the  heart  were  not  distended  with  more  blood,  we  found  not  to 
influence  the  normal  character  of  its  beat,  which  continued  in 
many  cases  forcibly  and  rhythmically  for  three  or  four  hours. 
The  beat  of  the  frog's  heart,  as  well  known,  is  much  promoted 
by  moderately  high  intracardiac  pressure;  that  this  is  not,  at 
least  to  so  groat  an  extent,  the  case  in  mammals  seems  easily 
explicable.  The  frog's  heart,  having  no  capillaries,  depends  for 
its  nourishment  or  the  washing  out  of  its  wastes,  on  the  forcing 
of  liquid  under  pressure  into  the  spongy  network  of  the  ventricle, 
while  in  the  mammal  the  nourishment  of  the  heart  depends  on 
pressure  in  the  aortic  arch,  from  which  the  coronary  system  is 
supplied. 

The  side  tube  q  is  designed  to  get  rid  of  the  diflSculty  of 
insufficient  aeration  of  the  blood ;  were  it  not  present,  the  only 
flow  from  the  aorta  would  be  through  the  coronary  system, 
and  the  flow  would  be  so  slow  that  it  would  be  impossible 
to  renew  the  blood  in  the  cannula  fast  enough  to  keep  it  from 
using  up  its  own  oxygen  and  becoming  very  venous,  and  unfitted 
to  keep  the  heart  at  work.     But  by  a  free  outflow  through  q^  the 

*  The  cannula  was  modified  in  the  later  experiments,  as  it  was  found  more 
easy  to  manipulate  when  made  in  two  pieces  (p.  280). 
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blood  in  the  cannnla  is  quickly  changed,  and,  moreover,  so  rapid  a 
bubbling  of  air  through  the  supplying  Mariotte  flask  secured,  that 
the  flask  takes  the  place  of  a  lung  and  supplies  arterial  blood.  The 
blood  flowing  from  q  into  the  funnel  is  collected  in  a  beaker  and 
poured  every  minute  or  two  into  the  receiving  Mariotte  bottle, 
until  the  supplying  bottle  is  nearly  empty  and  the  other  full,  then 
the  stop-cocks  are  reversed  and  the  receiving  becomes  the  sup- 
plying bottle,  and  vice  versa. 

The  preceding  sketch  of  the  general  plan  of  an  experiment  will  probably  be 
sufficient  for  most  readers.  In  practice  many  unforeseen  difficulties  had  to  be 
overcome,  which  may  be  of  interest  to  those  desiring  to  farther  investigate  the 
subject.  A  primary  difficulty,  which  it  took  us  long  to  meet  successfully,  was,  that 
in  a  progressive  heating  or  cooling  experiment,  the  blood  during  its  circuit  changed 
its  temperature  so  much  that  we  could  not,  on  interchanging  the  supplying  and 
feeding  Mariotte  bottles,  get  a  continuous  series  of  observations.  This  was  over- 
come by  an  arrangement  which  poured  water  of  d  esired  temperature  into  the  trough 
containing  the  Mariotte  bottles ;  thence  it  flowed  through  wide  tubes  forming 
water-jackets  for  the  tubes  p  and  ^,  PI.  XXIII,  and  then  into  a  water-jacket 
surrounding  the  funnel  receiving  from  q,  and  emptying  into  the  tank  containing 
th^beakers,  from  which  the  circulating  blood  was  returned  to  one  of  the  Mariotte 
bottles.  Another  difficulty  which  we  soon  discovered  was  that  the  temperature 
of  the  heart  was  by  no  means  always  that  of  the  blood  supplied  to  it ;  so  a  ther- 
mometer inserted  through  the^^reeat'a,  and  with  its  bulb  reaching  into  the  right 
ventricle,  was  used  to  indicate  the  actual  temperature  of  the  heart,  instead  of 
the  thermometer  in  the  cannula.  In  the  tables  which  follow,  it  is  the  record 
of  the  thermometer  placed  inside  the  right  heart  which  is  given. 

The  moist  chamber  (^,  Plate  XXIV)  had  on  its  top  the  two  Mariotte  flasks 
securely  fastened  in  a  tin  box,  B,  serving  as  a  water-jacket.  One  side  of  B  is  of 
glass  and  turned  towards  the  assistant  to  enable  him  to  see  readily  when  a  flask 
is  nearly  empty,  so  that  by  reversing  the  stop-cocks  he  may  convert  it  from  the 
supplying  into  the  receiving  flask.  The  flasks  each  hold  about  700  cub.  cent. 
From  near  the  bottom  of  each  passes  the  outflow  tube,  which  is  conveyed 
through  the  spouts  h  of  the  tin  box  into  the  warm  chamber,  and  is  continued 
by  the  rubber  tube  T  (the  left  one  is  for  the  greater  part  omitted  in  the  plate), 
to  an  aperture  in  the  end  of  the  warm  chamber  through  which  it  passes  to  one 
leg  of  the  Y-piece  9,  Plate  XXV.  Each  upper  leg,/,  of  the  Y-piece  has  a  stop- 
cock on  it  (&«),  so  that  the  supply  may  be  taken  from  either  Mariotte  flask  at 
pleasure. 

Each  Mariotte  flask  is  closed  air-tight  by  a  rubber  cork  pierced  by  three  glass 
tubes  (Plate  XXIV) ;  one  of  these,  0,  is  connected  by  a  Y-piece  with  the  funnel 
P,  from  which  it  gets  blood  when  acting  as  receiving  flask ;  a  second,  n,  serves 
to  let  air  out  as  blood  enters  the  flask  ;  both  n  and  0  are  of  course  closed  when 
the  flask  is  acting  as  supply  bottle  to  the  heart.  The  third  tube,  m,  reaches  to 
near  the  bottom  of  the  flask,  and  through  it  air  bubbles  in  when  the  flask  is 
acting  as  supply  bottle.    From  its  upper  end  passes  the  rubber  tube,  seen  again 
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at  m  in  Fig.  1,  Plate  XXV,  where  onlj  the  tube  of  one  side  is  drawn  ;  of  course 
in  actual  use  there  must  be  a  like  tube  attached  to  the  other  Mariotte  flask.  The 
long  rubber  tube  m  passes  through  the  cork  of  a  tightW  closed  test-tube,  Tb, 
containing  a  little  water.  Another  tube,  at^  passes  to  near  the  bottom  of  the 
test-tube  and  is  open.  When  the  Mariotte  flask  is  at  work  all  the  air  entering 
it  must  first  bubble  throucrh  the  water  in  the  test-tube,  which,  hanging  outside 
the  chest  and  the  water-jacket,  is  easily  observed,  and  indicates  how  fast  the 
blood  from  the  flask  is  flowing,  or  If  the  bubbling  stop,  that  something  has  gone 
wrong  and  the  supply  bottle  has  ceased  to  act  as  a  Mariotte  flask.  It  is  not 
necessary  to  describe  in  detail  the  stop-cocks  which  lie  on  all  the  tubes  so  that 
they  can  be  in  a  moment  closed  or  opened  when  the  functions  of  the  two  flasks 
are  to  be  reversed. 

All  the  system  of  blood-carrying  tubes  is  inclosed  in  a  set  of  water  tubes  con- 
tinuous with  the  spouts  hh  of  B,  and  having  warm  or  cold  water  from  B  flowing 
steadily  through  them  during  an  experiment.  Over  those  ends  of  each  of  the 
spouts  which  open  into  the  warm  chamber  is  fltted  thin  rubber  tubing  li  inches 
in  diameter ;  these  tubes  surround  the  blood-conveying  tubes  TT,  and  flnally 
end  (Fig.  2,  Plate  XXV)  in  J' and  J,  which  open  into  a  funnel-shaped  tin  water- 
jacket.  Inside  this  jacket  the  Y-piece  q  (Fig.  1,  Plate  XXV)  is  placed,  and 
its  upper  limbs/;  pass  through  tTJ'to  join  TT.  On  the  sides  of  the  tin  jacket 
are  openings  through  which  pass  the  handles  (&<2r,  Fig.  2)  of  the  stop-cocks 
&«&9(Fig.  1). 

The  lower  limb  Q,  Fig.  2,  Plate  XXV,  of  the  tin  jacket  surrounds  q,  Fig.  1 
(which  conveys  the  blood  again  into  the  warm  chamber)  and  is  continued  over  C. 
This  tube  (C7,  Plate  XXIV)  leads  to  the  aortic  cannula  a,  and  up  to  about  six 
inches  from  that  point  is  jacketed  by  a  wide  rubber  tube.  At  this  point  the 
jacketing  tube  is  securely  closed  by  a  rubber  stopper,  through  which  a  glass  can- 
nula, a,  continues  the  blood -carrying  system  to  the  aortic  stump.  The  reason  for 
stopping  the  jacketing  for  a  short  distance  at  this  point  is  to  facilitate  insertion 
of  the  cannula. 

So  far,  then,  it  will  be  seen  that  water  supplied  to  B^  Plate  XXIV,  will  flow 
out  through  thewide  tubing  surrounding  TT  through  the  jacket  </'/ (Plate  XXV) 
to  the  tube  around  G,  keeping  the  blood  under  essentially  the  same  temperature 
conditions  during  its  whole  journey  from  the  supply  bottle  to  th^  heart.  From 
near  the  rubber  cork  closing  the  jacket  of  C  the  water  finds  its  exit  through  a 
side  branch,  a  wide  rubber  tube  surrounding  e,  and  so  to  the  wide  glass  funnel 
/,  Plate  XXIV.  This  funnel  has  a  short  stem  into  which  is  accurately  fitted  the 
stem  of  the  blood-receiving  funnel  (22)  by  means  of  rubber  tubing.  From/ 
the  water  issues  through  the  outflow  piece  through  the  jacketing  hose  I  into  the 
tin  kettle  y  (Plate  XXV)  containing  the  beakers  for  catching  the  blood ;  and 
finally  into  the  waste  bucket  through  the  tube  Wst, 

The  only  parts  of  the  blood-conveying  system,  then,  which  are  not  jacketed 
are  the  funnel  P,  the  tubes  oo  leading  from  it  to  the  Mariotte  bottles,  and  the 
cannulas  near  the  heart  with  a  few  inches  of  adjacent  tubing.  With  the 
exception  of  the  funnel  P,  however,  most  of  these,  including  the  innominate  and 
aortic  cannulas,  were  packed  in  a  layer  of  cotton  wool,  thus  checking  any  rapid 
loss  or  gain  of  heat. 
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All  the  water-jackets,  or  rather  the  whole  jacket^  for  the  system  is  but  one, 
are  supplied  directly  from  the  water  pipe  of  the  room.  This  pipe  by  means  of  a 
T  piece  is  connected  with  an  air  chamber  whose  capacity  is  18  gals.,  and  which 
is  capable  of  standing  a  high  pressure  to  the  square  inch.  From  the  bottom  of 
this  chamber  a  delivery  pipe,  W^  Fig.  1,  Plate  XXV,  runs  to  terminate  in  the 
stop-cock  JD,  which  stands  in  connection  with  a  two-way  stop-cock  C,  by  means 
of  which  the  current  of  water  can  be  shunted  either  to  the  heater,  E,  or  in  the 
case  of  a  cooling  experiment  to  a  Worm  (not  represented  in  the  figure)  placed  in 
a  freezing  mixture  and  substituted  for  the  heater.  In  this  way  a  constant  stream 
of  any  desired  temperature  may  be  obtained. 

The  heater  consists  of  about  80  feet  of  small  brass  pipe  wound  into  a  coil  and 
placed  over  a  small  Bunsen  gas-stove.  The  stove  and  coil  are  entirely  sur- 
rounded by  the  screen  (8er)  provided  with  its  chimney,  H,  Before  the  water 
passes  to  the  heater,  however,  it  is  made  to  go  through  Ww  to  a  worm  of  25  ft. 
of  }-inch  bore  lead  pipe  put  in  the  hot  water  of  the  pan  which  forms  the  iloor 
of  the  moist  chamber.  After  traversing  this  worm  it  comes  to  the  heater 
through  Ew,  In  this  manner  the  stream  of  water  can  be  warmed  even  before 
it  reaches  the  heater.  The  temperature  of  the  water  may  be  regulated  by  with- 
drawing the  worm  totally  or  in  part  from  the  water  in  the  floor  of  the  chamber, 
by  the  amount  of  gas  burned,  and  by  the  rate  of  flow  of  the  water.  Of  course 
in  a  cooling  experiment  this  second  worm  was  not  used. 

After  issuing  from  the  heater  (or,  in  the  case  of  cooling  experiments,  the 
worm  in  the  freezing  mixture)  the  stream  is  directed  by  Rw  through  the  regis- 
tering apparatus  (Rg)  where  its  temperature  is  ascertained.  This  apparatus 
is  simply  a  T  piece,  one  leg  of  which  carries  a  thermometer.  From  this  the 
water  passes  up  Bw  (Plate  XXV)  to  the  jacket  B  (Plate  XXIV)  and  is  then  distri- 
buted over  the  whole  system  just  described. 

Dr  (Fig.  1,  Plate  XXV)  is  a  small  sliding  door  which  gives  the  assistant 
access  to  the  interior  of  the  case  during  the  experiment.  While  an  experiment 
is  going  on,  the  main  doors  of  the  moist  chamber  are  opened  as  little  as  possible. 

As  will  be  seen,  the  cannula  in  Plate  XXIV  differs  in  detail  from  that  shown 
in  the  diagram  Plate  XXIII.  It  is  made  in  two  pieces.  One,  a,  is  inserted  in 
the  aortic  stump,  and  receives  blood  from  the  Mariotte  flask.  By  its  side  branch 
k  it  was  in  some  cases  connected  with  the  manometer  of  a  kymograph.  The 
other  piece,  f ,  is  inserted  in  the  innominate  artery  and  contains  a  thermometer 
bulb.    From  it  the  tube  e  carries  off  the  excess  blood  to  the  funnel  R. 

An  attempt  was  made  at  first  to  get  a  graphic  record  of  the  pulse,  by  con- 
necting a  manometer  with  the  aortic  cannula;  but  the  quantity  of  blood 
reaching  the  left  ventricle  was  so  small  that  the  pulse  waves  due  to  its  beat 
were  indistinct  and  sometimes  imperceptible.  We  had  therefore  to  resort  to 
counting  by  direct  observation  of  the  heart,  which  may  have  led  to  slight  errors 
when  the  pulse  was  very  fast  and  very  feeble,  but  as  our  object  was  not  to  study 
the  absolute  pulse  rate,  small  errors  in  regard  to  it  were  of  no  great  importance. 
Moreover,  by  always  taking  two  counts  immediately  following  one  another  the 
chances  of  error  were  greatly  lessened.  First,  one  of  us  held  the  watch  for 
thirty  seconds  while  the  other  counted  the  heart  beats.  Then  the  duties  were 
reversed  and  the  other  made  the  count,  still  being  ignorant  of  the  number 
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arriyed  at  by  the  prerioas  counter.  If  the  two  counts  did  not  agree,  but 
differed  only  by  three  or  four  in  a  minute,  their  average  was  put  down  in  the 
tables  as  the  correct  rate ;  if  the  difference  was  greater  (as  was  sometimes  the 
case  when  rapid  changes  of  temperature  were  occurring)  a  fresh  count  was 
made  or  the  observation  rejected  altogether. 

In  all  cases  at  least  half  an  honr  was  allowed  to  elapse  after 
complete  isolation  of  the  heart  before  the  actual  experiment 
commenced.  This  was  in  order  to  eliminate  possible  disturbing 
elements,  as  irritation  of  the  vagi  or  accelerators,  due  to  the 
operative  procedure,  or  the  first  effects  on  the  heart  itself  of  the 
defibrinated  blood.  The  general  results  of  the  experiments  can 
be  stated  in  few  words. 

First,  as  to  cooling.  The  isol  ated  heart  of  the  cat  may  be  cooled 
down  to  a  temperature  of  16.6°  C.  (as  indicated  by  a  thermome- 
ter introduced  into  the  right  heart)  and  yet  not  be  killed,  as  it 
revives  if  soon  warmed  again  (see  Table  1,  p.  282),  but  it  usually 
dies  at  about  W  or  18^  0. 

As  the  cooling  proceeds,  the  pulse  becomes  slower  and  slower; 
this  has  two  causes.  As  pointed  out  in  previous  papers,  after 
about  the  first  half-hour  the  pulse  rate  of  the  isolated  heart  tends 
to  become  slower  the  longer  its  isolation  ;  so  that  a  dog's  heart 
isolated  for  one  hour  and  beating,  say,  220  times  a  minute  at  a 
temperature  of  39°  C,  will  at  the  end  of  two  hours  and  at  the 
same  temperature  beat  only  200,  or  perhaps  190  times  a 
minute.  But  the  slowing  in  such  cases  is  very  gradual,  and  the 
heart  will  beat  vigorously  for  four  or  five  hours  if  not  cooled. 
When  the  influence  of  cold  is  added,  the  fail  in  the  pulse  rate  is 
far  more  rapid,  and  death  of  the  isolated  organ,  if  the  cold  be 
continued,  occurs  much  sooner  than  it  otherwise  would. 
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Table  I. 

OooliDg  experiment  with  recovery,  June  13, 1888. 
Adnlt  cat  narcotized  with  paraldehyde  daring  isolation  of 
the  heart.    Isolation  completed  at  3.30  P.  M. 


Temperature 

Time  P.  M. 

G.  in  Right 
Heart. 

Pulse  per  1^ 

Remarks. 

h.  ID. 

4.08 

84.0 

188 

4.11 

83.7 

175 

4.14 

82.7 

158 

4.17 

80.9 

188 

4.20 

29.9 

124 

4.28 

28.5 

111 

4.26 

28.5 

92 

. 

4.29 

26.7 

80 

4.32 

25.7 

74 

4.35 

24.7 

66 

4.88 

.   24.0 

61 

4.41 

28.5 

54 

4.44 

28.0 

58 

4.47 

22.8 

60 

4.60 

21.7 

40 

4.52 

20.5 

9 

4.66 

19.9 

? 

6.00 

19.5 

12 

5.04 

19.2 

11 

5.06 

18.9 

9 

6.12 

18.6 

9 

5.15 

18.0 

9 

5.20      . 

16.5 

5 

Heating  now  commenced. 

5.40 

21.0 

14 

6.45 

24.0 

20 

5.60 

27.8 

78 

Contractions  becoming  very  feeble. 

6.56 

29.7 

85 

6.06 

81.7 

90 

The  results  obtained  on  heating  the  heart  to  or  near  to  its 
death  point  are  more  complex  than  those  observed  on  cooling, 
but  also  more  interesting. 

In  the  first  place  we  foand  that  there  was  an  optimum  temper- 
ature at  which  the  isolated  cat's  heart,  like  that  of  the  frog,  beat 
quickest,  any  rise  beyond  this  slowing  the  beat.  It  by  no  means 
follows,  of  coarse,  that  this  optimum  is  the  temperature  at  which 
it  would  do  most  work.  Averaging  the  results  of  thirteen  sepa- 
rate experiments,  this  optimum  is  41.3®  C,  ranging  between 
43.3  and  40.6. 

If  one  steadily  and  slowly  heats  the  heart  to  the  highest 
temperature  to  which  it  can  be  raised  without  dying,  this  lethal 
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temperature  lies  between  44.6*^  and  45°  0.  in  the  great  majority 
of  cases ;  but  sometimes  by  working  with  care,  one  can  raise  this 
maximum  as  well  as  the  optvmum,  temperature.  If  as  soon  as  the 
heat  is  beginning  to  slow  the  pulse,  or  the  heart  shows  other  signs 
of  weakening,  the  organ  be  cooled  a  little  for  a  short  time  and  then 
heated  again,  it  can  often  be  raised  to  a  higher  temperature  without 
being  weakened,  and  the  optimwn  temperature  also  raised.  Table 
II  will  serve  as  an  example  of  a  simple  maximum  and  optimum 
experiment,  while  in  Table  III  is  given  an  example  in  which  the 
optimum  is  raised  by  slightly  cooling  the  heart  from  near  the 
lethal  temperature  and  then  very  slowly  heating  it  again.  This 
power  of  the  heart  to  rapidly  accommodate  itself  to  an  abnormally 
high  temperature  was  so  surprising  to  us  that  we  made  repeated 
observations  on  the  matter.  Since  then  we  have  been  informed 
by  friends  engaged  in  the  practice  of  medicine  that  something 
similar  is  frequently  seen  in  persons  suffering  from  remittent  fevers. 
A  rise  of  temperature  associated  with  considerable  quickening  of 
the  pulse  may,  later  in  the  disease,  be  associated  with  a  less  marked 
quickening. 

"When  the  temperature  of  the  heart  rises  to  about  40^  C,  even 
though  the  optimum  be  not  yet  reached,  small  increments  of 
temperature  often  have  no  effect  on  the  rate  of  beat  of  the 
isolated  heart,  or  the  pulse  may  even  become  slower:  this  no 
doubt  is  due  to  that  natural  gradual  slowing  of  the  pulse  of  the 
isolated  heart,  always  occurring  as  time  goes  on,  and  referred  to 
above. 

Another  phenomenon  often  observed  in  heating  experiments 
is  what  we  may  call  a  long  latent  period.  An  increase  of 
temperature  may  not  show  any  effect  on  the  pulse  rate  for  a 
minute  or  two,  then  it  comes  on,  though  the  heart  may  in  the 
meantime  have  been  slightly  cooled.  For  this  reason  (even 
before  the  optimum  is  reached)  variations  in  the  pulse  curve  tend 
^to  lag  a  little  behind  the  temperature  variations  which  led  to 
them. 
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Table  II. 

Simple  heating  experiment  to  show  optimnm  and  maximum. 
June  7;  1888.  Adult  cat.  Paraldehyde.  Isolation  of  heart 
completed  at  11.15  A.  M. 


Temperature 

• 

Time. 

C.  <n  RIffht 
Heart. 

Pulse  per  r . 

Remarks. 

h.  m> 

11.51 

84.1 

168 

11.54 

84.8 

174    .   . 

. 

11.57 

85.2 

186 

12.00 

86.5 

188 

12.03 

86.9 

186 

12.06 

88.8 

189 

12.00 

88.8 

190 

12.12 

40.0 

200 

12.16 

40.8 

201 

12.18 

40.5 

200 

12.21 

40.5 

200 

12.24 

41.2 

203 

12.27 

41.2 

202 

12.80 

41.0 

200 

12.33 

41.8 

206 

12.86 

42.5 

209 

12.89 

48.2 

210 

Optimum  or  probably  rather  aboreit. 

12.42 

44.7 

160 

12.44 

45.7 

? 

Panses  alternating  witb  periods  of 
very  rapid  beats  impossible  to  count. 

12.47 

46.0 

Fibrillar  contractions. 

Table  III. 

Optimum  temperature  raised  during  an  experiment.  January 
31,  1889.  Young  cat.  Ether  and  cnrare.  Defibrinated  blood 
used  to  feed  the  heart,  diluted  with  one- third  its  volume  of  normal 
saline.     Isolation  completed  at  2.55  P.  M. 


Temperature 

Time. 

C.  In*i1de 

Pulae  per  V, 

Remarks. 

Right  Heart. 

h.  in. 

8.51 

39.8 

284 

3.55 

39.5 

236 

3.58 

89.5 

220 

4.01 

89.8 

245 

4.03 

40.8 

240 

4.06 

41.0 

292 

Temperature  now  raised  with  great 

4.09 

41.0 

280 

care,  as  heart  is  near  its  critical 

4.12 

41.0 

272 

point. 

4.15 

41.5 

804 

First  optimum. 

4.18 

41.5 

? 

Irregular  and  not  countable. 
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Temperature 
C.  inside 

.  Time. 

Pulse  per  V 

Remarks. 

1  Right  Heart. 

4.22 

41.5 

246 

Regular.    Heart  apparently  getting 

4.25 

41.0 

248 

used  to  this  temperature. 

4.28 

1         41.0 

204 

4.31 

40.5 

208 

4.34 

41.0 

204 

4.87 

!        41.8 

224 

4.40 

I        42.0 

? 

4.48 

,        42.0 

228 

4.46 

!        42.5 

234 

Seoond  optimum  1^  C.  above  the  first. 

4.48 

'        42.8 

188 

4.51 

42.8 

198       • 

4.54 

48.0 

200  (?) 

Somewhat  irregular. 

4.67 

48.5 

178 

Regular. 

6.00 

1        43.0 

178 

5.04 

1        42.5 

176 

5.07 

'        42.8 

176 

5.10 

'        48.0 

168 

5.13 

!        44.5 

Very  irregular. 

5.16 

44.0 

176 

Regular. 

5.19 

'        48.0 

i 

172 

Very  irregular  but  not  feeble  beats ; 
the  irregularity  probably  due  to 
the  rapid  change  of  temperature. 

6.21 

i 

Only  right  auricle  beating . 

It  is,  of  course,  not  possible  to  say  at  what  temperature  the 
heart  of  Table  III  would  have  died  had  the  heat  been  slowly 
pushed  on  at  4**  18°,  instead  of  stopping  and  cooling  from  4^  25° 
to  4^  34°,  thus  giving  the  organ  time  to  accommodate  itself  to 
the  high  temperature.  But  from  many  other  observations  in 
which  the  heating  was  slowly  pushed  on,  we  feel  sure  that  all 
pulsation  would  have  ceased  at  a  temperature  several  degrees 
below  48**  C. 

It  will  be  observed  that  though  the  temperature  of  the  second 
optimum  is  higher  than  that  of  the  first,  the  pulse  is  slower,  this 
being  no  doubt  due  to  the  increasing  malnutrition  of  the  heart  as 
time  goes  on. 
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I. — Introduction. 

Early  in  the  spring  of  1888,  Prof.  W.  K.  Brooks  kindly  placed 
at  my  disposal  a  valuable  set  of  specimens  of  Limulus^  with  a 
suggestion  that  I  should  work  on  the  eyes  in  order  to  continue 
the  research  upon  which  the  late  Dr.  A.  T.  Bruce  was  engaged 
at  the  time  of  his  death. 

Through  the  kindness  of  Prof.  M.  McDonald,  the  United  States 
Commissioner  of  Fish  and  Fisheries,  I  was  enabled  to  continue 
my  work  on  the  subject  during  the  summer  of  the  same  year  at 
the  Woods  Holl  Laboratory  of  the  Fish  Commission,  where  the 
fresh  specimens  for  the  study  of  Limulua  at  all  stages  of  develop- 
ment may  be  obtained  without  difficulty.  To  these  gentlemen 
are  due  my  sincere  thanks  and  gratitude ;  through  their  kind- 
ness and  encouragement  I  have  been  enabled  to  prosecute  my 

'  These  specimens  were  mostly  preserved  by  Dr.  J.  C.  Hommeter,  when  the 
Chesapeake  Zoological  Laboratory  was  in  session  at  Beaufort,  N.  C,  in  1886. 
They  were  in  an  excellent  state  of  preservation. 
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work.    I  aui  also  indebted  to  Prof.  John  A.  Ryder  and  Dr.  E.  A. 
Andrews  for  various  courtesies. 

It  soon  became  evident  that  the  eye  of  Limvlus  is,  as  we 
might  expect  from  its  great  antiquity,  a  very  primitive  visual 
organ,  presenting  in  a  simple  form  a  most  interesting  type. 

For  the  farther  comprehension  of  its  structure  and  significance 
it  became  necessary  to  extend  my  researches  to  several  other 
Arthropods.  Among  the  forms  studied  in  this  connection  are 
the  following,  besides  five  other  pelagic  Arthropods  from  the 
Gulf  Stream,  whose  generic  names  have  not  yet  been  ascertained: 
Branchijms,  Estheria,  Talorchestia^Hyperia,  Phronima,  Serolis, 
Ligiay  AselluSy  Notonecta^  Libdlula,  Agrion^  CrrylhMj  Ccrethra^ 
Camharvs,  Homarus^  Hippa,  Alpheus,  Gebia^  PenaeuSy  Squilla, 
CallinecteSj  Qonoddctylus  and  Lucifer, 

While  only  a  few  selected  types  are  here  described,  all  the 
above  named  forms,  representing  three  great  groups  of  Arthro- 
pods, Insects,  Crustacea  and  Arachnids,  were  carefully  studied, 
and  all  the  results  have  been  embodied  in  the  general  observa- 
tions which  follow,  although  the  principal  subject  of  the  paper  is 
the  eye  of  Limulus. 

The  points  which  are  at  present  receiving  marked  attention 
among  the  workers  on  the  morphology  of  the  compound  eyes 
of  Arthropods  may  be  put  in  four  principal  categories,  viz. 
(1)  the  mode  of  termination  of  the  optic  nerve  fibre  in  the 
retinal  cell;  (2)  the  mode  of  formation  of  diflerent  *' layers"  in 
the  retina;  (3)  the  phylogeny  of  the  compound  eye;  and  (4)  the 
homology  of  the  optic  ganglia. 

The  problem  therefore  involves  several  inquiries.  The  funda- 
mental step  is  to  determine  to  what  morphological  category 
the  compound  eye  of  the  Arthropod  belongs.  To  the  elucidation 
of  this  point  our  histological  inquiries  must  be  directed,  while 
our  phylogenetic  consideration  of  the  eye  may  fitly  be  reserved 
until  we  have  learned  something  of  its  structure. 

The  first  thing  which  confronts  us  is  this:  What  is  the 
ommatidium  or  "  eyelet,"  the  repetition  of  which,  often  several 
thousandfold,  gives  rise  to  the  compound  eye?  What  is  the 
significance  of  the  characteristic  arrangement  of  its  component 
cells  ?  Is  it  possible  to  reduce  it  to  a  simpler  form,  or  to  express 
its  structure  and  significance  briefly  ? 
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Until  these  questions  be  answered  satisfactorily,  the  most 
laborious  technique  of  histology  is  often  powerless  to  discrim- 
inate the  essential  from  the  secondary  features  in  the  component 
cells  of  a  given  ommatidium ;  and  in  the  absence  of  an  accurate 
conception  of  its  fundamental  structure,  the  various  modifications 
of  the  cells  and  fibres  of  an  ommatidium  may  be  made  to  assume 
any  significance  to  suit  our  speculative  ideas. 

With  these  considerations  in  mind,  I  have  sought  for  an 
ommatidium  in  which  all  the  features  of  its  structural  elements 
may  be  made  out  plainly,  and  from  which  we  may  derive  the 
ommatidial  elements  of  a  more  complex  type. 

Although  the  number  of  forms  studied  in  this  connection  is 
not  quite  so  extensive  as  I  wish,  I  feel  justified  in  believing  that 
any  view  which  explains  the  structural  peculiarities  of  the 
ommatidia  of  each  and  all  of  the  forms  in  the  list  above  given 
and  reduces  them  to  the  same  fundamental  structure,  may  fairly 
be  considered  as  in  all  probability  generally  applicable  to  the 
eyes  of  Arthropods. 

In  what  follows,  the  attempt  will  be  made  to  approach  the 
subject  from  this  standpoint,  viz.  the  consideration  of  the 
ommatidium  as  the  morphological  unit  of  the  compound  eye  in 
Arthropods,  just  as  each  little  circle  of  rods  with  a  cone  in  its 
centre  may  be  considered  as  the  morphological  unit  of  the 
"  mosaic  layer  "  (Henle)  of  the  human  retina. 

II. — The  Mobphology  of  thb  Ommatidium. 

Following  the  plan  given  in  the  Introduction,  I  will  consider 
the  morphology  of  the  ommatidium,  taking  it  as  the  structural 
unit  of  the  compound  eye.  After  the  nature  of  this  unit  has  been 
considered,  we  may  proceed  to  examine  the  state  of  aggregation 
of  the  units  in  the  different  forms  of  the  Arthropods.  For  this 
purpose  it  is  convenient  to  select  one  particular  ommatidium 
which  may  be  made  the  basis  of  comparison.  Accordingly,  the 
ommatidium  of  Serolis  will  be  considered  at  the  outset,  and  the 
attempt  will  be  made  to  homologize  the  ommatidial  elements  of 
Serolis  with  those  of  other  forms.  I  am  indebted  to  Prof.  M. 
McDonald  for  the  opportunity  to  study  the  eyes  of  the  four 
South  Americali  forms  of  Serolis  recently  brought  back  by  the 
"U.  S.  Fish  Commission  steamer  Alhai/roBS. 
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a.  Serolis. 

(Pigs.  1,  la,  16,  2,  PL  XXIX.) 

The  general  structure  of  the  eyes  of  Serolis  has  already  been 
made  known  by  Beddard.^  Althongh  I  have  verified  all  the 
chief  results  of  his  research,  I  shall  speak  of  a  few  details  which 
seem  to  me  specially  significant. 

The  cells  of  the  ommatidium  are  arranged  in  three  principal 
strata,  a,  J,  o  (Fig.  la,  PI.  XXIX).  Each  stratum  of  cells  is 
characterized  by  the  special  product  which  it  secretes,  viz.  1,  2 
and  3. 

The  outermost  stratum  (a)  secretes  upon  its  external  surface 
the  chitin  which  constitutes  the  cornea  or  the  corneal  facet  (c, 
Fig.  1,  PI.  XXIX). 

The  cells  themselves  have  been  designated  as  the  comeagen  by 
Patten.* 

The  comeagen  is  sometimes  difficult  to  detect  in  the  eye  of 
the  adult  animal  and  may  easily  be  overlooked.  It  is  very 
conspicuous  in  the  young. 

The  next  stratum  of  cells  (J)  is  also  characterized  by  the 
chitinous  secretion  on  the  surface  nearest  the  median  axis  of  the 
ommatidium.  The  two  cells  (b)  secrete  a  thick  chitinous  layer 
which  encloses  an  ovoid  al  space  of  considerable  size  filled  with  a 
transparent  liquid  substance,  (2).  The  cell  (h)  has  been  named 
vitrella  (Lankester  and  Bourne);*  and  the  ovoidal  chitinous  body 
(2)  is  the  crystalline  cone^  {c.  Cj  Fig.  1,  PI.  XXIX.) 

'Beddard,  F.  E.  Challenger  Report,  Zoology,  Vol.  XI,  laqpoda:  Serolidae. 
His  additional  observations  on  Serolia  may  be  found  in  the  paper  by  the  same 
author,  On  the  Minute  Structure  of  tJke  Bye  in  Cymothoidae,  Trans.  Boy.  Soc. 
Edin.  1887. 

« Studies  an  tJ^e  Eyes  of  Artfirjopod :  I.  Development  of  the  Eyes  of  Vespa, 
with  observations  on  the  Ocelli  of  some  Insects,  p.  193,  Journal  of  Morphology, 
Vol.  I,  No.  1,  1887. 

*  The  Minute  Structure  of  the  Lateral  and  the  Central  Eyes  of  Scorpio  and 
Limulus.    Quart.  Jour,  of  Micro.  Science,  Vol.  XXIII,  p.  198,  1883. 

"  Vitrella  "  is  synonymous  with  •*  retinophora  *'  of  Patten ;  **  vitreous  cell " 
and  "crystalline  cone  cell'*  of  authors.  The  nucleus  of  the  vitrella  has  been 
named  by Claparede  **  Semper's  nucleus,"  after  its  discoverer :  Zur  Morphologie 
der  zusammengesetzten  Augen  bei  den  Arthrppoden,  Von  Edouard  ClaparMe. 
Zeit.  f.  Wiss.  Zool.  Bd.  X,  p.  193,  1860. 

*  It  is  interesting  to  notice  that  the  observations  made  by  Clarke  on  the  eye  of 
a  Trilobite  ( The  Structure  and  Development  of  the  Visual  Area  in  t?^  IHlobite, 
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The  crystalline  cone  is  purely  a  dioptric  apparatus.  A  careful 
study  of  its  structure,  both  in  the  adult  and  in  the  young  embryos 
of  Serolisj  has  clearly  shown  that  this  has  nothing  to  do  with  the 
sensory  function,  as  it  has  no  connection  whatever  with  the  optic 
nerve  fibres. 

The  vitrella,  then,  agrees  with  the  corneagen  cell  in  the 
capacity  for  secreting  chitin  on  one  portion  of  its  surface.  The 
difference  between  them  consists  in  this,  that  while  the  corneagen  ' 
cells  secrete  chitin  towards  the  exterior  of  the  body,  the  vitrellae 
secrete  it  towards  each  other,  that  is,  towards  the  median  axis  of 
the  ommatidium. 

Next  below  the  vitrella  comes  the  important  stratum  (c,  Fig.  la) 
which  lies  at  the  bottom  of  the  whole  structure,  and  which  sends 
processes  inward  {Op.  n)  to  form  the  optic  nerve  fibre,  which 
terminates  in  the  optic  ganglion. 

The  cells  in  this  structure  are  also  characterized  by  secreting 
chitin  towards  the  median  axis  of  the  ommatidium.  The  chitin 
thus  produced  invests  the  colorless  portion  of  the  cell  (c)  consti- 
tuting the  rod  or  the  rhabdomere  (Lankester  and  Bourne).^ 

A  large  number  of  transverse  striae,  running  at  right  angles  to 
the  longitudinal  axis  of  the  ommatidium,  are  seen  through  the 
transparent  cuticle.  The  cell  itself  which  gives  rise  to  the 
rhab^omere  has  been   known   as  retinula  (Grenacher).^     The 

Phacopa  Rana,  Gheen,  Journal  of  Morphology,  Vol.  II,  No.  2,  1888)  show,  so 
far  as  I  understaud  his  acoount,  that  the  lens  has  a  somewhat  similar  structure 
to  the  crystalline  cone  of  Serolis,  or,  in  fact,  to  the  crystalline  cone  of  Isopod 
Crustacea,  as  far  as  it  is  known.  From  Clarke's  description  I  gather  that  the 
lens  of  Phacops  is  uneqitaUf/  biconvex^  the  curvature  being  the  greatest  on  the 
proodmal  surface;  and  tJiat  the  lens  was  hallow,  probably  filled  with  soItm  viscid 
humor.  In  the  absence  of  a  more  complete  knowledge  on  the  nature  of  a  corneal 
covering  to  the  eye  in  the  Trilobite  it  is  premature  to  carry  out  the  homology  of 
the  ''crystalline  cone "  of  Serolis  and  of  the  Isopods  in  general  to  the  **  lens " 
of  a  Trilobite,  although  there  appears  to  exist  a  certain  resemblance  between  the 
two.  It  is  perhaps  worthy  of  mention,  in  this  connection,  that  there  is  nothing 
whatever  in  the  lens-cone  of  Limulus  at  any  period  of  its  development  which 
shows  any  resemblance  to  the  lens  of  a  Trilobite  as  made  out  by  Clarke.  The 
lens-cone  of  Limulus  is  the  solid,  conical  projection  of  the  chitinous  cuticle  of  the 
body,  fitting  into  the  open  depression  of  the  skin,  and  in  no  period  of  the  life 
history  of  the  animal  is  it  separated  from  the  outermost  cuticle  of  the  body. 
(Compare  Grenacher,  Lankester  and  Bourne,  and  Part  III  of  the  present  paper 
on  the  compound  eye  of  Limulus. ) 

'  loc.  cit.  p.  18S. 

'  Untersuchungen  uber  d€ts  Sehorgan  der  Arthropodeny  1879. 
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retinala,  then,  agrees  with  the  corneagen  and  vitrella  n 
above,  in  its  capacity  to  secrete  chitin  on  a  part  of  its 
Thus  the  three  strata  of  cells,  a,  h,  and  c,  agree  fnndaii 
with  one  another  in  their  capacities  to  secrete  chitinons  str 
and  these  are  respectively  known  as  the  cornea  (1),  the 
line  cone  (2),  and  the  rhabdomere  (3), 

Hence,  aside  from  the  general  homol(^  which  exists  1 
the  cells  in  the  optic  area,  all  beiDg  derived  from  a  i 
Bource,  the  ectoderm,  there  exists  a  special  homology  ' 
the  cells  in  the  three  strata  which  constitute  the  imports 
of  the  omniatidium,  all  being  characterized  by  the  caps 
secreting  chitin  from  a  part  of  their  surface. 

In  this  respect  these  ommatidial  cells  are  essentially 
general  ectodermal  cells  whieli  secrete  the  chitinous  cov 
the  body  from  their  diat&I  extremities. 

In  carrying  this  analysis  further  we  find  that  the  ontei 
of  the  corneagen  is  homologous  with  the  axial  surfaci 
vitrella,  and  that  of  the  retinnla  and  the  three  chitinous  eti 
cornea,  crystalline  cone  and  rhahdomere,  are  homologc 
eacli  other. 

If  this  interpretation  be  established  by  the  further  di 
of  the  ommatidia  of  other  forma,  it  follows  that  the  cr; 
cone  and  rhabdomere  are  really  homologous  with  the  c 
investment  of  the  body,  and  the  narrow  axial  spact 
ommatidiura  represented  by  the  line  x  must  therefore  1 
same  significance  as  the  ajiace  outside  of  the  body.  M 
gically  speaking,  the  crystalline  cone  and  rhabdomere 
as  much  a  part  of  external  surface  as  the  cornea  itself.  I 
atically,  the  three  strata  of  the  ommatidium  may  be  rep 
as  in  Fig.  2,  PI.  XXIX. 

According  to  this  view,  the  ommatidinm  of  Serolis 
regarded  as  an  open  pit  of  the  ectoderm,  the  walls  and 
of  which  are  covered  by  the  product  of  their  own  secrc 
chitin.  The  chitin  in  the  walls  and  margin  of  the  pit 
continuous  with  the  general  chitinous  covering  of  the 
the  rows  of  the  ommatidial  cells  themselves  become  eoi 
with  the  general  ectoderm. 

At  the  bottom  of  the  ommatidial  pit  there  exists  a 
colorless  "  hyaline  cells"  (Beddard),  with  their  upper  j 
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inserted  into  the  axial  space  between  the  four  rhabdomeres. 
Each  cell  has  a  peculiar  refractive  nuclens.  It  lacks  any  con- 
nection with  the  optic  nerve  fibre,  and  is  suspended  from  the 
bottom  of  the  pit  at  a  considerable  distance  above  the  basement 
membrane.  The  "hyaline  cell"  is  a  modified  ectodermic  cell, 
and  is  homologous  with  the  rest  of  the  cells  which  enter  into 
the  formation  of  the  ommatidium.  The  cell,  however,  does  not 
develop  pigment  granules  in  itself,  nor  establish  any  connection 
with  the  central  nervous  system  as  does  the  retinula  cell,  nor 
does  it  secrete  chitin  on  a  part  of  its  surface  as  do  the  rest  of  the 
ommatidial  cells  we  have  considered  already.  As  to  the  function 
of  this  cell  I  am  not  able  to  say  anything  definitely.  It  cannot 
be  sensory,  having  no  connection  with  the  nerve  centre.  When 
we  see,  however,  that  in  some  species  of  Serolis  the  lower  ends  of 
the  four  rhabdomeres  are  deeply  imbedded  in  the  substance  of  the 
"hyaline  cell,"  or,  in  other  words,  that  the  rhabdomeres  are 
firmly  held  together  by  the  substance  of  the  "hyaline  cell" 
at  the  point  where  they  meet,  it  becomes  probable  that  the  cell 
in  question  may  serve  the  purpose  of  a  mechanical  support, 
adding  firmness  to  the  whole  structure.  To  this  point  I  will 
recur  later  on. 

In  addition  to  the  cells  which  form  the  essential  part  of  the 
ommatidium  there  exists  a  number  of  pigmented  cells,  {pg,  c. 
Fig.  la,  PI.  XXIX).  The  pigment  cells  are  greatly  developed 
around  the  vitrellae  and  closely  invest  the  dioptric  portion  of  the 
ommatidium  from  outside.  These  pigmented  cells  also  are  modi- 
fied ectoderm  cells  which  lie  between  the  adjacent  ommatidial 
pits- 

The  morphological  unit  of  the  compound  eye  of  Serolis  may 
then  be  described  as  consisting  of  a  group  of  ectodermic  cells 
lying  outside  of  the  basement  membrane,  and  so  arranged  as  to 
form  the  walls  of  an  open  tubular  depression.  This  group  of  cells 
undergoes  special  differentiations  at  different  levels  of  the  pit. 
The  uppermost  group,  consisting  of  two  flattened  cells,  consti- 
tutes the  corneagen,  which  secretes  the  cornea  externally;  the 
second  group  of  cells,  consisting  of  two  large  cells,  the  vitrellae, 
secretes  chitin  towards  the  lumen  of  the  tube,  thus  forming  the 
crystalline  cone;  the  third  group  of  cells,  the  retinulae,  con- 
sisting of  four  cells,  secretes  the  rhabdomeres.     The  retinulae 
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are  the  only  cells  which  are  connected  with  the  nerve  centre. 
In  addition  to  the  three  elements  above  named,  the  fourth 
element,  in  the  form  of  two  "  hyaline  cells,"  exists,  plugging,  as  it 
were,  from  the  inside  the  imperfect  bottom  of  the  depression. 
A  number  of  pigment  cells  enveloping  more  or  less  completely 
the  above  mentioned  group  of  cells  from  the  outside  constitutes 
the  fifth  element  of  the  ommatidium. 

A  glance  at  the  diagram  (Fig.  1ft,  PI.  XXIX)  will  make 
this  point  clear.  The  diagram  is  supposed  to  be  the  plan  of  the 
constructive  elements  of  the  ommatidium  of  SeroUs  as  they 
would  appear  when  seen  from  the  exterior,  in  the  direction  of 
the  arrow.  Fig.  la,  PL  XXIX,  if  they  actually  formed  an 
open  pit  like  that  shown  in  Fig.  2. 

The  innermost  body  which  appears  in  the  depression  is  the  pair 
of  "hyaline  cells,"  {d)\  next  above  and  therefore  in  the  outer 
circle  to  (d)  are  the  retinulae  (c),  the  rhabdomeres  being  repre- 
sented by  the  yellow  edges.  Above  the  retinulae  will  come  the 
two  extremely  enlarged  cells,  the  vitrellae  (J),  whose  chitin- 
secreting  surface  is  marked  by  the  yellow  color.  Next  above  (J) 
comes  a  pair  of  corneagen  cells  (a),  whose  chitin-secreting  surface 
is  also  represented-  by  the  yellow  color  as  in  the  cells  forming  the 
two  inner  series.  The  outermost  of  all  is  a  pair  of  extremely 
flattened,  pigmented  cells,  ensheathing  completely  the  dioptric 
portion  of  the  ommatidium. 

The  diagram  is  not  unlike  the  one  used  in  illustrating  the 
arrangement  of  the  different  parts  of  a  flower.  This  does  not 
seem  surprising  when  we  remember  that  the  nature  of  the  prob- 
lem in  both  cases  is  identical.  Just  as  sepals,  petals,  stamens  and 
pistils  of  a  flower  are  considered  as  the  modified  leaves  clustered 
round  an  extremely  short  stem  or  axis  in  whorls  or  in  spirals,  so 
the  corneagen,  vitrellae,  retinulae,  etc.,  are  the  modified  ectoderm 
cells  arranged  at  different  heights  on  the  ommatidial  axis.  There 
is,  however,  this  difference  between  them,  that  while  in  a  flower 
the  parts  concerned  in  the  formation  of  the  organ  are  themselves 
aggregations  of  many  cells,  those  in  the  Arthropod  ommatidium 
are  highly  differentiated  individual  cells ;  and  while  in  the  case 
of  the  flower  it  is  the  clustering  of  different  parts  around  an 
extremely  shortened  projecting  axis,  in  the  ommatidium  of  the 
Arthropod  it  is  the  distribution  of  parts  along  an  elongated  and 
sunken  one. 


COMPOUND  EYES  OF  ARTHROPODS.  295 

Althotigh  the  subject  will  be  much  more  intelligible  after 
other  types  have  been  described,  it  will  not  be  altogether  ont  of 
place  here  to  mention  briefly  my  view  of  the  steps  through  which 
the  characteristic  arrangement  of  parts  in  an  ommatidium  like 
that  of  Serolis  might  have  been  brought  about.  Suppose  a 
circular  area  of  the  skin  to  be  divided  into  five  zones,  one  lying 
within  the  other.  Mark  the  innermost  circle  as  (1),  and  the  next 
zone  as  (2),  and  the  middle  as  (3),  the  fourth  as  (4)  and  the  outer- 
most as  (5).  Suppose,  further,  this  circular  area  of  the  flat 
ectodermal  surface  of  the  body  to  sink  down  as  a  conical  pit 
with  its  open  base  turned  towards  the  exterior.  The  cell  or 
cells  lying  in  the  innermost  circle  (1)  in  the  middle  of  the  area 
will  sink  deepest,  while  the  outermost  circle  (5)  will  retain  its 
original  level.  The  cells  lying  in  the  innermost  circle  (1)  are 
the  "hyaline  cells";  those  lying  within  the  second  zone  (2)  are 
the  retinulae;  those  lying  in  (3)  are  the  vitrellae;  those  within 
(4)  are  the  corneagen,  and  those  within  (5)  are  the  group  of 
pigmented  cells  which  surround  the  dioptric  portion  of  the 
ommatidium. 

All  that  is  necessary  to  convert  this  diagram  into  the  omma- 
tidium of  Serolis  is  to  reduce  the  lumen  of  the  pit  until  it  finally 
disappears  and  the  cells  facing  the  lumen  of  the  tube  come  into 
contact  with  each  other,  or  else  remain  separated  by  the  chitinous 
structure ;  a  faint  line  like  that  shown  by  x  in  Figs.  1,  3  and  4 
being  all  tliat  remains  of  the  axial  cavity,  like  that  shown  in 
Fig.  2. 

The  compound  eye  of  Serolis  is  in  this  view  nothing  but  a 
collection  of  these  depressions  in  the  skin,  which  by  virtue  of 
their  aggregation  attain  the  morphological  and  physiological 
value  of  an  organ. 

h.  Talorchesiia. 

(Pigs.  3,  3a,  PI.  XXIX.) 

A  glance  at  the  figures  will  at  once  show  the  fundamental 
similarity  of  the  ommatidium  of  this  Amphipod  and  that  of 
Serolis.  Fig.  3,  PI.  XXIX,  shows  a  single  ommatidium  of 
Talorchestia.  The  outermost  covering  c  is  the  corneal  facet. 
The  two  cells  which  lie  beneath  it  are  the  corneagen  {c.  g). 
These  cells  are  not  so  conspicuous  in  the  adult  as  in  the  young 
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animals;  Devertheless,  with  care  one  can  eaeilj  make  them  out 
Beneath  the  corneagen  comes  the  stratnm  consisting  of  two  cells, 
the  vitrellae,  which  secrete  an  enormous  cuneiform,  chitinoas 
structure,  the  crystalline  cone  (<?.  c)  with  its  more  pointed  end 
turned  inward.  The  crystalline  cone  consists  of  halves,  each 
corresponding  to  a  single  vitrella  cell  which  secretes  it  on  its 
median,  axial  surface.  The  line  Xj  as  in  Serolisj  shows  the 
morphological  lumen  of  the  oramatidial  cavity. 

Next  below  this  stratum  comes  the  group  of  four  cells,  the 
retinulae  (^Rt).  The  chitinous  edges  of  the  retinulae  meet  in  the 
median  axis  and  form  the  rhabdom  {Rh).  Transverse  striations, 
rather  broad  and  coarse  in  their  nature,  are  seen  through  the 
transparent  cuticle,  the  rhabdomere.  At  the  lower  part  of  a 
retinula  cell,  near  the  basement  membrane,  is  situated  its  nucleus 
(n);  it  may  be  found  below  the  membrane. 

The  retinula  cell  undergoes  a  curious  modification  at  the  upper 
end.  Each  of  the  retinula  cells  sends  out  a  flattened  process 
which  is  highly  pigmented  and  which  completely  ensheaths  the 
dioptric  portion  of  the  ominatidium  from  the  outside.  In  fact, 
the  place  of  pigment  cells  {pg.  c)  in  Serolis  is  taken  by  the 
modified  upper  expansion  of  the  retinula  cells.  Outside  of  this 
pigmented  sheath  there  exists  a  number  of  non-pigmented, 
elongated  ectodermal  cells  {p.c)  which  pack  the  interspaces 
between  the  adjacent  ommatidia. 

If  we  plot  out  the  whole  structure  into  a  diagram,  in  the  same 
way  as  we  did  the  ommatidia  of  Serolis^  it  will  assume  the 
appearance  shown  in  Fig.  3a,  PI.  XXIX.  The  innermost  cells, 
the  "  hyaline  cells  "  of  Serolis,  are  not  represented ;  the  cells  in 
the  second  circle  are  greatly  developed  {lit),  meeting  one  another 
with  their  chitin -secreting  edges,  the  rhabdomeres,  while  the 
upper  extremity  of  each  retinula  cell  envelops  the  crystalline 
cone  from  the  outside,  thus  physiologically  taking  the  place  of 
pigment  cells,  {pg,  c)  or  5  in  Serolis,  Fig.  lb,  PI.  XXIX. 

In  the  third  circle  the  two  vitrellae  are  found  with  their  chitin- 
secreting  surface  marked  yellow.  The  cells  in  the  fourth  circle 
constitute  the  corneagen  {c,  g).  The  fifth  circle  of  cells  is 
represented  by  the  packing  cells  {p,  c). 
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c.  Camharus. 
(Pig.  4,  PL  XXIX ;  Pig.  85,  PL  XXXI ;  Pigs.  71,  79,  PL  XXXV.) 

In  Fig.  4,  PI.  XXIX,  three  ommatidia  of  Camharits  are 
represented,  a,  h  and  c.  The  ommatidium  may  be  described  as 
in  the  two  preceding  cases,  as  consisting  of  three  strata  of  cells, 
each  stratum  characterized  by  the  special  chitinons  product 
which  it  secretes.  The  outermost  stratum  of  cells,  the  comeagen 
{c.gy-  secretes  a  slightly  biconvex  corneal  facet  (c). 

Next  below  the  corneagen  comes  the  stratum  of  vitrellae, 
consisting  of  four  cells,  each  with  an  extremely  elongated  internal 
process.  The  median  surface  of  the  vitrella  which  corresponds  to 
the  chiting-secreting  surface  of  the  vitrella  in  Serolia  and  Talor- 
chestia  secretes  a  perfectly  transparent,  homogeneous  substance, 
rather  refractive  in  its  nature,  forming  the  crystalline  cone 
{c.  c).  I  cannot  say  anything  of  the  chemical  nature  of  this 
substance  in  its  relation  to  the  chitin.  The  cells  which  secrete 
this  substance  in  the  crayfish  are  morphologically  identical  with 
the  vitrellae  in  Serolis  and  Talorchestia  which  secrete  chitin, 
and  the  use  this  body  subserves  in  the  ommatidium  of  the  cray- 
fish is  identical  with  that  of  the  chitinous  body,  the  crystalline 
cone,  in  the  two  Arthropods  we  have  already  examined.  There 
can  be  no  question  of  the  homology  of  this  body  to  the  crys- 
talline cone  of  other  Arthropods.  I  have  therefore  represented 
this  body  in  the  yellow  color  as  in  Serolis  and  Talorchestia, 
The  outline  of  the  vitrella  cell  in  the  figure  has  been  made 
diagram atic  to  a  certain  extent. 

Next  below  the  vitrellae  come  the  retinulae,  the  whole  being 
aggregated  into  a  spindle-shaped  bundle.'    On  the  distal  end  of 

^Reichenbach  (Studien  zur  Enttoicklungsgesekichte  dea  Flusakrehaes,  p.  98) 
speaks  of  these  cells  as  ''Semper'schen  Zellen."  In  examining  his  figure 
(Fig.  225,  Taf.  XIV)  we  find  what  he  regards  as  "  Semper's  cells  *'  are  those  with 
'< Semper'schen  Kerne"  (S.  K.)  The  term  "Semper's  nucleus"  as  originally 
used  by  Glapardde  and  adopted  by  others  does  not  mean  the  nucleus  of  the 
comeagen,  as  Beichenbach  uses  it,  but  means  that  of  the  Titrella.  In  fact  the 
existence  of  comeagen  has  been  ignored  by  several  earlier  writers.  It  was 
Patten  who  emphasized  its  importance. 

'This  spindle  stratum  does  not  come  from  any  part  of  the  "augenfalie"  of 
Beichenbach,  but  arises  in  the  region  where  he  locates  the  ectodermal  and 
mesodermal  pigment  cells,  loc,  eit.  Fig.  225,  Taf.  XIV. 
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the  rhabdom  the  proximal  ends  of  the  vitrellae  apparently 
terminate.^ 

When  the  Bpindle  is  macerated  and  each  of  its  component 
elements  is  examined  individnally,  it  is  found  that  each  retinnla 
develops  on  its  median  surface  a  thick  chitinons  border  which 
shows  a  wavy,  corrugated  appearance.  This  chitinons  border 
attains  its  greatest  thickness  in  the  midst  of  the  retinnla  cell  (Fig. 
86,  PL  XXXI).  When  the  chitin-secreting  edges  of  a  number 
of  these  retinnla  cells  meet  they  form  a  spindle-shaped  bundle, 
the  thickest  part  of  the  rhabdomere  corresponding  to  the  most 
bulging  part  of  the  spindle.  The  lower  extremities  of  the 
retinula  cells  send  out  nerve  processes,  each  of  which  forms  an 
optic  nerve  fibre,  (Op,  n.  Fig.  4,  PI.  XXXI).  Fine  elongated 
cells  filled  with  yellow  pigment  granules  are  found  between  the 
adjacent  retinula  bundles  (gp,  Fig.  4).  They  are  also  the  modi- 
fied ectodermal  cells.  The  pigment  cells  which  occur  around 
the  vitrellae  form  a  complete  envelope  around  the  dioptric 
portion  of  each  ommatidium. 

Thus  even  with  this  complicated  type  of  ommatidium  the 
plan  of  structure  is  fundamentally  alike  to  that  of  SeroUs.  The 
central  element,  the  "hyaline  cells"  of  SeroUs, is  not  represented 
in  the  crayfish.     To  this  special  point  I  shall  recur. 

If  we  plot  out  the  ommatidial  elements  of  the  crayfish  as  we 
did  those  of  SeroUs^  exactly  a  similar  kind  of  diagram  will  be 
formed.     Thus  in  the  centre  will  come  the  group  of  retinulae, 

*  Parker  found  in  Eomarus  {A  Preliminary  Account  of  the  Development  and 
Hietology  of  the  Eyes  in  the  Lobster.  Proceedings  of  the  American  Academy, 
Vol.  XXIV,  pp.  24-25,  1888)  that  the  lower  extremities  of  vitrellae  rtin  over 
the  spindle,  and  that  each  terminates  on  the  retinal  side  of  the  basement  mem- 
brane. It  is  probable  that  the  same  is  trne  in  Camharua.  This  fact  is  perfectly 
intelligible  according  to  the  view  which  is  maintained  in  the  present  paper,  for 
the  cells  found  in  the  higher  level  of  a  given  ommatidium  are  morphologically 
situated  in  the  outside  of  those  found  in  the  lower.  Patten's  account  {Eyes 
of  Molluscs  and  Arthropods,  Mittheilungen  aus  der  Zoologischen  Station  zu 
Neapel,  Bd.  VI,  Heft  4,  1886)  that  the  rhabdom  is  the  continuation  of  the 
retinophorae  (vitrellae)  is  not  true.  I  macerated  the  *' spindle"  of  Penaeus, 
upon  which  Patten  bases  his  observations,  and  found  that  it  is  composed  of  a 
number  of  pigmented  retinula  cells,  each  with  its  chitinons  border  as  in 
Camharus  (Fig.  35,  PI.  XXXI)  or  in  Homarus  (Fig.  84,  PI.  XXXI).  Grenacher 
is  right  in  regarding  the  rhabdom  as  the  secretion  product  of  the  retinula 
cells. 
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consisting  of  seven  cells ;  then  come  in  the  ontside  fonr  vitrellae 
arranged  in  a  sqnare ;  then  two  corneagen  cells ;  and  outermost 
of  all,  four  pigmented  cells  which  completely  envelop  the 
dioptric  part  of  the  ommatidium. 

d.  Homa/rus. 

(Pig.  84,  PI.  XXXI.) 

The  compound  eye  oiHomarvs  has  quite  recently  been  studied 
by  Parker.^  I  do  not  find  any  facts  in  Parker's  paper  which 
contradict  the  view  maintained  in  the  preceding  pages  in  regard 
to  the  nature  of  the  ommatidium.  The  threefold  differentiation 
of  the  ectodermal  cells  in  the  walls  of  the  ommatidium  is  just  as 
evident  here  as  in  the  forms  already  considered.  The  problem- 
atical body,  the  spindle  (Grenacher's  rhabdom),  like  the  corres- 
ponding structure  in  Cambarvs^  resolves  itself  into  a  number  of 
individual  retinula  cells  with  thick,  serrated,  chitinous  secre- 
tions as  in  the  case  of  Garnharus  and  Penaeus. 

In  Fig.  34,  PI.  XXXI,  four  retinula  cells  are  partly  isolated 
from  one  another.  The  lower  end  of  each  retinula  cell  is  pro- 
longed into  an  optic  nerve  fibre,  while  the  upper  end  is  devoid 
of  any  pigment  granules.  A  large  translucent  nucleus  exists 
near  the  distal  extremity  of  the  retinula.  The  distal  end  of  each 
cell  is  prolonged  into  a  short,  clearly  defined,  tapering  process. 
The  development  of  the  chitinous  serrature  h  greatest  in  the 
middle  of  the  chitin-secreting  border  of  the  retinula;  when, 
therefore,  the  whole  is  brought  together  into  a  bundle,  the 
general  outline  of  such  a  structure  is  spindle-shaped. 

e.  CalUnectes. 

(Figs.  6,  5a,  PL  XXIX ;  Pig.  37,  PI.  XXXI ;  Pig.  72,  PI.  XXXV.) 

CaUmecies  presents  the  same  interesting  modification  which 
we  saw  in  Talorchestia.  We  find  the  corneagen  cells  and  the 
vitrellae  in  two  successive  strata,  but  no  special  pigment  cells 
embracing  this  dioptric  mechanism  exist.  The  packing  cells 
which  we  saw  in  the  intervening  spaces  of  the  ommatidia  in 
Talorchestia  are  not  found  in  CaUmectes. 

>  G.  H.  Parker :  A  Preliminary  Account  of  the  Development  and  Histology 
of  the  Eyes  in  the  Lobster.    Proo.  Amer.  Aoad.  Vol.  XXIY,  1888. 
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The  third  stratum  of  cells,  the  retinulae,  are  extremely 
eloDgated,  each  retinula  \?ith  a  clear,  straight,  finely  striated 
rhabdomere.  A  somewhat  diagramatic  representation  of  the 
individual  retinula  cell  with  its  chitinous  border  is  given  in 
Fig.  37,  PI.  XXXI.  In  Fig.  5a,  PI.  XXIX,  the  upper  portions 
of  the  two  retinula  cells  are  shown ;  the  rhabdomere  just  beneath 
the  crystalline  cone  shows  a  slight  enlargement.  The  size  of  the 
retinula  cell  at  the  distal  extremity  undergoes  an  enlargement. 
The  enlarged  extremities  of  the  retinulae  form  a  pigmented 
collar  around  the  inner  end  of  the  crystalline  cone.  If  the 
upward  extension  of  this  part  of  the  retinula  cells  be  carried 
still  further,  a  condition  which  prevails  in  a  retinula  like  that  of 
Tahrchestia  will  be  found.  In  the  freshly  teased  preparation, 
one  or  more  refractive  globules,  ranging  from  yellow  to  reddish 
brown  in  color,  are  found  in  the  thickened  portion  of  the 
retinula.  The  general  shape  of  the  ommatidium  as  determined 
by  the  shape  of  the  corneal  facet  is  hexagonal. 

For  the  general  discussion  of  the  subject  I  do  not  find  it 
necessary  to  go  into  further  details  of  comparison,  nor  to  enume- 
rate more  examples  from  different  Arthropods.  In  the  forms  I 
have  studied  in  this  connection,  representing  near  thirty  Arthro- 
pod genera,  I  found  nothing  which  invalidated  the  general  inter- 
pretation of  the  ommatidial  structure  of  the  Arthropod  as 
explained  in  the  preceding  pages,  and  the  compoimd  eye  of  the 
Arthropod,  whether  it  be  sessile  or  stalked,  must  be  held  to 
represent  morphologically  a  group  of  ectodermal  pits  or  a 
bundle  of  ectodermal  tubules. 

III. — The  Compound  (Lateral)  Eye  of  Limulus. 

The  question  which  next  suggests  itself  is  this :  Adopting  for 
a  moment  the  view  that  the  ommatidium  of  the  compound  eye 
is  morphologically  an  ectodermic  pit,  is  there  any  adult  arthro- 
pod whose  eye  permanently  remains  in  this  condition  ? 

I  find  such  an  ommatidium  in  the  compound  eye  oi  Limuhia. 

On  this  account  I  will  describe  the  eyes  of  Limulus  somewhat 
in  detail.^    In  the  succeeding  section  of  the  paper  I  will  point 

1  An  outline  of  this  portion  of  the  paper  will  be  found  in  the  March  nnmber 
j  of  the  University  CirctUarf  1889,  Johns  Hopkins  Universityi  under  the  title 

I  Ths  Structure  and  Development  of  the  Eyea  of  the  Limultu. 
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ont  how  an  ommatidinm  like  that  of  Lirmdua  may  be  converted 
into  one  of  a  more  complex  type. 

a.  General  Sketch  of  the  Compound  Eye. 

The  compound  eye  of  Zimultcs  is  placed  in  the  dorso-lateral 
an^le  of  the  prosomatic  shield.  In  the  fully  grown  animal  the 
outline  of  the  eye  is  bean-shaped,  with  its  longer  axis  parallel  to 
the  longitudinal  axis  of  the  body.  This  bean-shaped  area  is 
slightly  protuberant  from  the  surrounding  level ;  the  chitinous 
covering  of  the  body  is  thinner,  softer,  and  more  translucent  in 
the  region  of  the  eye  than  on  the  rest  of  the  dorsal  surface. 
Through  the  translucent  chitin  we  see  a  largo  number  of  circular 
spots,  all  of  a  uniform  size.  On  further  examination  we  find 
that  each  spot  corresponds  to  a  conical  projection  of  the  chitin, 
which  fits  into  a  cavity  in  the  skin.  This  conical  thickening  of 
the  chitin  constitutes  the  lens  or  lens-cone^  and  the  group  of  cells 
forming  the  walls  and  bottom  of  the  open  cavity  constitute  the 
essential  part  of  the  ommatidinm. 

The  cells  which  form  the  walls  of  the  pit  are  elongated  and 
highly  pigmented,  forming  the  perineural  cells  {p.  n,  Fig.  6, 
PI.  XXIX) ;  those  cells  which  form  the  bottom  of  the  pit 
undergo  extreme  enlargement  compared  with  the  perineural 
cells,  and  elongate  along  the  longitudinal  axis  of  the  pit.  They 
are  grouped  in  a  characteristic  manner,  reminding  one  of  the 
arrangement  of  cells  in  the  taste-bulb  of  a  vertebrate.  This 
bulb-like  group  of  cells  is  the  essential  part  of  the  retina.  In 
my  preliminary  account  of  the  subject^  I  called  this  group  of 
cells  an  ommatidium.  Properly  speaking,  the  term  omraatidium 
includes  the  whole  group  of  cells  forming  the  walls  and  bottom 
of  the  pit,  together  with  the  lens-cone  and  the  thick  chitinous 
covering  corresponding  to  the  area  occupied  by  a  single  pit.  In 
this  latter  sense  the  term  ommatidium  will  be  used  in  the 
present  paper,  and  the  bulb-like  group  of  cells  at  the  bottom  of 
the  pit  will  be  designated  as  the  sensory  part  of  the  ommati- 
dium. 

In  the  sensory  part  of  the  ommatidium,  which  consists  of  two 

portions,  a  central  a  and  a  peripheral  ft,  the  arrangement  of  the 

cells  is  quite  regular. 

1  loe,  Gxt.  p.  70. 
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The  central  part  always  consiBts  of  a  single  ganglion  cell 
{Oy  Fig.  6,  PI.  XXIX),  and  the  peripheral  of  the  rod-bearing 
pigmented  cells  {lit^  Fig.  6)  which  surround  the  former  in  the 
centre.  As  to  the  minute  structure  of  these  elements  I  shall 
speak  later  on.  The  cells  composing  the  sensory  portion  of  the 
ommatidium  send  out  from  their  proximal  ends  nervous  processes, 
which,  forming  a  bundle,  are  seen  to  emanate  from  the  basal  end 
of  the  ommatidium.  The  number  of  nerve  fibres  at  the  begin- 
ning of  the  bundle  and  that  of  the  cells  composing  the  sensory 
bulb  of  the  ommatidium  always  correspond.  These  bundles, 
however,  soon  break  up  as  they  penetrate  deeper,  and  become 
mixed  up  with  the  fibres  from  the  neighboriug  bundles,  forming 
a  complex  plexus  underneath  the  ommatidial  area.  Scattered 
in  the  plexus  are  found  a  number  of  thickenings,  which,  in  gold- 
chloride  preparations,  appear  as  darkly  stained  masses  of  proto- 
plasm occurring  at  the  nodes  of  junction  of  the  several  inter- 
crossing fibres  (Figs.  44  and  45,  PL-  XXXII).  In  the  fresh 
state  these  enlargements  contain  a  variable  amount  of  yellow 
granules  imbedded  in  the  mass  of  the  protoplasm.  In  the 
figures  above  referred  to,  mere  outlines  of  such  thickenings  are 
given. 

After  the  nerve  fibres  have  formed  the  plexus  they  again 
come  out  in  bundles,  and  piercing  through  the  perforations  in  the 
basket-like  chitinous  support  which  underlies  the  ommatidial 
region,  travel  forward,  slightly  inward,  then  downward  and  back- 
ward until  they  terminate  in  the  optic  ganglion  in  the  brain. 

h.  The  Structure  of  the  OrrmuUidium. 

In  the  general  sketch  of  the  compound  eye  of  Limulus  above 
given,  the  structure  of  its  morphological  unit,  the  ommatidium, 
has  been  briefly  described.  It  consists  of  two  parts,  (1)  the 
sensory  and  (2)  the  dioptric  part,  which  is  also  partly  protective. 

The  sensory  part  consists  of  two  factors,  {a)  the  central  ele- 
ment or  the  ganglion  cell  (<r.  Fig.  6,  PI.  XXIX),  and  (5)  the 
peripheral  elements  or  the  retinulae  {Rt^  Fig.  6).  These  two 
kinds  of  cells  are  the  only  ones  in  which  nerve  fibres  terminate. 

The  retinula  cells  group  themselves  in  the  shape  of  a  bulb,  or 
something  as  the  several  segments  do  in  an  orange,  each  segment 
corresponding  to  a  single  rod-bearing  cell  or  retinula  (Fig.  10, 
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JRt^  PI.  XXX).  Along  the  axial  side  of  the  retinnla  cell  there 
exists  a  definite  longitudinal  tract  which  is  free  from  the  pigment 
granules.  On  the  outside  of  this  colorless  region  there  exists  a 
thin  layer  of  chitin.  This  chitinous  covering  on  the  outside  of 
the  retinula  constitutes  the  rod  or  the  rhabdomere  {Mh^  Fig.  10, 
PI.  XXX).  When  the  non-pigmented  portion  of  the  retinula 
cell  is  examined  with  a  high  power,  we  find  the  whole  structure 
to  be  transversely  striated.  This  striated  appearance  seems  to  be 
produced  by  the  existence  of  an  enormous  number  of  transverse 
fibrils  lying  in  the  inside  of  the  chitinous  cuticle.  That  these 
striae  are  due  to  the  existence  of  independent  fibrils  is  further 
shown  by  the  fact  that  by  careful  focusing  up  and  down  of  the 
microscope  some  striae  can  be  directly  traced  out  beyond  the 
limit  of  the  chitinous  covering,  in  the  form  of  independent  fibrils 
(TV. /J,  Fig.  10,  PI.  XXX). 

When  we  make  a  transverse  section  of  the  retinulae,  each  cell 
will  present  a  wedge-shaped  outline,  with  its  pointed  end  turned 
toward  the  axis  of  the  ommatidium  ;  the  non-pigmented  part  of 
the  cell  in  its  relation  to  the  cuticular  secretion  on  the  outside 
will  be  seen  from  the  diagram  (Fig.  6a,  J,  jffJ,  PI.  XXIX). 

The  number  of  retinula  cells  entering  into  a  single  ommati- 
dium is  quite  variable.  Thus,  Grenacher^  counts  fifteen  ;  Lan- 
kester  and  Bourne^  count  ten  ;  I  have  found  some  with  eleven, 
others  with  nine  ;  in  one  ommatidium  I  counted  as  many  as 
nineteen. 

I  am  not  able  to  say  under  what  conditions  this  numerical 
variation  takes  place.  Whatever  significance  there  may  exist  in 
this  numerical  variation,  it  does  not  alter  in  the  least,  as  in  the 
case  of  diflferent  elements  in  other  ommatidia  we  have  already 
considered,  the  general  idea  that  the  ommatidium  of  the  Arthro- 
pod is  morphologically  a  depression  in  the  skin. 

Each  ommatidium  contains  a  single  ganglion  cell.  Only  in 
one  case  did  I  see  two  ganglion  cells  in  a  single  ommatidium. 
The  ganglion  cell  is  situated  morphologically  in  the  centre  of 
the  sensory  part  of  the  ommatidium.  The  retinula  cells  com- 
pletely envelop  this  ganglion  cell  from  the  outside,  in  a  similar 
way  as  the  rods  encircle  the  cone  in  the  centre  in  the  retinae  of 
some  vertebrates. 

'  loc.  dt.  Pig.  125,  Taf.  XL  « loc.  cit  Pig.  10,  PI.  XI. 
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The  main  body  of  the  ganglion  cell  where  the  nucleus  is 
situated  is  found  in  the  lower  part  of  the  ommatidium,  occupy- 
ing in  most  cases  an  eccentric  position.  Figs.  13, 14  and  15, 
PI.  XXX,  show  three  ganglion  cells  completely  isolated  from 
the  rest  of  the  retinal  cells.  In  Fig.  10,  PI.  XXX,  the  relation 
of  the  ganglion  cell  to  the  retinula  cell  is  well  shown. 

The  ganglion  cell  is  distinguished  by  constant  and  well  marked 
features  from  the  rest  of  the  ommatidial  cells.  The  cell  is 
bi-polar,  the  one  process  going  upward  and  outward  through  the 
axial  channel  of  the  ommatidium  (the  axial  canal  of  the  rhab- 
dom),  and  the  other  going  downward  and  inward  to  the  sub- 
ommatidial  plexus  and  thence  to  the  brain.  For  the  sake  of 
convenience  the  former  will  be  designated  as  the  axial  process 
{Ax.p^  Figs.  13, 14,  etc.),  and  the  latter  as  the  optic  nerve  process 
{Op.  n,  Figs.  13, 14,  etc.)  of  the  ganglion  cell. 

The  axial  process  gradually  tapers  to  a  narrow  point.  The. 
process  consists  of  a  bundle  of  extremely  fine  fibrils,  which  are 
distinctly  seen  as  a  series  of  longitudinal  striae.  For  some 
mechanical  causes,  the  distal  process  was  seen  split  into  three 
main  branches  in  one  specimen  (Fig.  15,  PI.  XXX);  in  another 
specimen  (Fig.  10),  the  topmost  end  of  the  axial  process  was  seen 
completely  macerated  into  a  number  of  component  fibrils,  the 
whole  showing  a  brush-like  appearance. 

The  large,  translucent,  spherical  nucleus  (iV^,  Figs.  10, 13, 14, 
15,  PI.  XXX),  with  its  nucleolus,  is  found  in  the  substance  of 
the  cell  body  proper.  The  position  of  the  nucleus  is  very  often 
eccentric,  as  in  Fig.  14.  The  nucleolus  is  surrounded  by  con- 
centric markings  in  all  cases.  Between  the  nucleus  and  the 
proximal  process  there  is  always  a  larger  or  smaller  patch  of 
pigment  granules  {Pg-Py  Figs.  10,  13,  etc.).  The  color  of  the 
granules  ranges  from  light  yellow  to  dark  brown  or  even  to  jet 
black.  The  yellow-colored  pigment  is  diffused  more  or  less 
widely  through  the  body  proper  of  the  ganglion  cell.  Even 
in  the  same  patch  of  pigment  in  the  cell  there  are  different 
gradations  in  the  color.  From  the  nature  of  the  drawing  used 
in  the  present  paper  I  cannot  show  these  gradations.  Pigment 
patches  may  exist  in  other  parts  of  the  cell,  but  they  never  form 
so  constant  a  characteristic  as  the  group  between  the  proximal 
process  and  the  nucleus. 
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The  third  element  which  figures  prominently  around  the 
fiensorj  cells  of  the  ommatidium  is  the  eipithelial  cell.  The  cell 
may  either  be  pigmented  or  non-pigmented.  In  Fig.  11,  PL 
XXX,  a  group  of  four  retinula  cells  is  shown  partly  isolated 
from  one  another.  Within  the  interspaces  between  the  adjacent 
retinula  cells  will  be  found  a  number  of  pigmented  epithelial 
cells,  extremely  elongated,  many  of  them  extending  the  whole 
length  of  the  retinula  cell.  In  Fig.  12,  PI.  XXX,  a  number  of 
highly  attenuated  epithelial  cells  {Ep)  is  shown  closely  clinging 
to  the  outer  surface  of  the  retinula  cell.  In  Figs.  10, 13, 14  and 
17  highly  attenuated  epithelial  cells  {Ep\  both  of  the  pigmented 
and  the  non-pigmented  kind,  are  shown,  as  they  occur  either 
around  the  ganglion  cell  or  around  the  retinula  cell. 

In  no  case  are  these  epithelial  cells  found  to  establish  any 
organic  connection  with  any  part  of  the  sensory  cells  or  of  their 
processes.  These  attenuated  epithelial  cells  do  not  differ  in  any 
essential  way  from  the  ordinary  ectodermal  cells  which  are  found 
in  the  walls  of  the  ommatidium  or  in  the  general  ectoderm. 

The  epithelial  cells  as  they  further  depart  from  the  periphery  of 
the  group  of  sensory  cells,  become  stouter  and  thicker.  One 
end  of  each  epithelial  cell  is  usually  devoid  of  pigment  granules; 
this  non-pigmented  end  of  the  cell  secretes  the  chitin  which 
forms  the  lens-cone.  We  have  already  seen  that  the  portion 
which  secretes  the  chitinous  covering,  the  rhabdomere,  of  the 
retinula  cell  is  devoid  of  pigment  granules.  In  this  respect  the 
epithelial  cells  which  form  the  wall  of  the  pit  and  the  neuro- 
epithelial cells  which  form  the  bottom  of  the  pit  closely  agree 
with  each  other. 

A  glance  at  the  series  of  figures  (Figs.  17-33,  PI.  XXXI) 
will  show  the  degrees  of  modification  undergone  by  the  epithe- 
lial cells  teased  out  from  the  different  parts  of  the  ommatidium. 
Those  cells  (Figs.  17  and  18)  which  lie  at  the  bottom  of  the  pit 
undergo  the  greatest  modification.  Fig.  17  is  the  central 
ganglion  cell  of  the  ommatidium,  with  a  few  slender  epithelial 
cells  around  it.  Fig.  18  is  the  retinula  cell  with  a  few  pigmented 
epithelial  cells  clinging  to  its  side.  Both  differ  from  the  rest  of 
the  epithelial  cells  in  their  possession  of  nerve  processes.  In  some 
epithelial  cells,  as  in  Figs.  28  and  25,  PI.  XXXI,  the  degree  of 
attenuation  is  so  very  great  that  the  protoplasmic  character  of 
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the  cell  body  is  hardly  recognizable.  The  cell  body  is  repre- 
sented by  an  extremely  slender,  bristlelike  filament,  with  no 
pigment  granules  in  the  inside.  In  others  this  hyaline  cell  body 
is  divided  into  a  nnmber  of  branches,  as  shown  in  Figs.  21  and  24, 
PI.  XXXI.  In  other  ones,  one-half  of  the  cell  bodv  is  reduced 
to  a  hyaline  filament,  while  the  other  half  retains  a  protoplasmic 
nature,  with  a  greater  or  less  amount  of  pigment  granules  as  in 
Figs.  19,  20  and  24,  PI.  XXXI ;  while  in  still  others  the  proto- 
plasmic  substance  is  mostly  gathered  around  the  nuclei  and  the 
two  extremities  reduced  to  hyaline  structures  with  no  pigment 
granules  in  them,  as  in  Figs.  22,  24,  27,  29  and  80,  PI.  XXXL 

The  contents  of  the  ommatidium  of  Zimulics  may  be  put,  then, 
under  two  categories:  (1)  the  epithelial  cells;  (2)  the  products 
of  secretion  of  these  cells.  The  first  may  be  classified  into  two 
principal  divisions:  {a)  the  neuro-epithelium,  (b)  the  ordinary 
epithelium.  The  neuro-epithelium  is  of  two  kinds,  the  central, 
gangUon  cell  and  the  peripheral^  retinula  cells.  The  ordinary 
epithelium  shows  all  varieties  of  modification,  and  exists  either 
in  the  interspaces  of  the  neuro-epithelium  or  around  it.  The 
products  of  secretion  may  also  be  put  under  two  heads :  (a)  the 
chitin  secreted  by  the  neuro-epithelium  (the  retinula  cells) 
forming  the  rhabdom ;  (5)  the  chitin  secreted  by  the  ordinary 
epithelium  forming  the  lens-cone,  and  the  entire  chitinous  struc- 
ture lying  over  the  pit. 

The  basement  membrane  {B.  My  Fig.  6,  PI.  XXIX)  under- 
lies the  whole  ommatidium,  separating  it  completely  from  the 
underlying  mesodermic  tissue  (Jf*,  Fig.  6,  PI.  XXIX).  At 
the  bottom  of  the  ommatidium  the  basement  membrane  follows 
the  course  of  nerve  fibres  issuins^  from  the  bases  of  the  neuro- 
epithelial cells,  and  thus  forms  a  complete  sac  to  the  bundle  of 
nerve  fibres.  When  the  bundle  breaks  up  in  the  plexus  the  base- 
ment membrane  sheath  of  the  optic  nerve  fibres  becomes  indistinct. 

A  study  of  transverse  sections  of  the  ommatidium  at  different 
heights  will  show  the  relative  positions  of  the  component  elements 
a  little  more  clearly.  In  Fig.  6a,  PI.  XXIX,  transverse  sections 
of  the  ommatidium  cut  at  four  different  levels  are  shown,  and 
will  be  intelligible  if  one  compares  them  with  Fig.  6,  PL  XXIX. 

In  {a)  Fig,  6a,  the  plane  of  section  passes  near  the  opening  of 
the  pit.    In  the  centre  is  found  a  portion  of  the  lens  (Z),  and 
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surrounding  it  a  circular  row  of  columnar  pigmented  epithelium. 
The  lens  is  secreted  by  the  surrounding  columnar  cells.  Around 
the  whole  ommatidium  there  exists  a  rather  thick,  well  defined 
basement  membrane  {JB.  M)  which  separates  the  ommatidium 
from  the  mesodermic  tissues  {Ms). 

In  (J)  Fig.  6a,  a  section  at  about  the  level  of  the  letters  Rt^  in 
Fig.  6,  passing  through  the  sensory  portion  is  shown.  The  main 
contents  of  the  ommatidial  capsule  {B.  M)  are  the  retinula  cells 
{Bt).  The  axial  moiety  of  each  retinula  cell  is  free  from  the 
pigment  granules,  and  a  thin  cuticular  covering  is  secreted 
around  this  portion  of  the  cell.  This  cuticular  covering  consti- 
tutes the  rhabdomere  (Bi),  Sections  of  a  number  of  pigmented 
cells  are  seen  lying  between  the  retinulae  and  the  basement 
membrane ;  these  are  sections  of  the  perineural  epithelial  cells. 

In  (c),  Fig.  6(z,  a  section  passing  through  the  body  of  the 
ganglion  cell  (<?)  is  shown  ;  the  ganglion  cell  is  surrounded  by 
a  circle  of  retinula  cells,  which  are  now  gradually  tapering,  each 
into  a  slender  nerve  process.  The  ganglion  cell  takes  a  more 
eccentric  position  in  (d)  than  in  ((?).  The  retinula  cells  {Bt)  in 
(c)  and  (d)  are  represented  by  the  circle  of  nerve  fibres  sur- 
rounding the  ganglion  cell  {G). 

In  {e)j  Fig.  6a,  the  section  passes  through  the  bottom  of  the 
ommatidium ;  all  of  the  sensory  cells  are  reduced  into  nerve 
fibres  which  proceed  one  from  the  bottom  of  each  cell.  The 
basement  membrane  {B.  M)  is  still  distinctly  seen,  forming  the 
sheath  of  the  nerve  bundle.  The  interspaces  of  the  adjacent 
ommatidia  are  occupied  by  the  mesodermic  connective  tissue. 

If  we  plot  out  the  arrangement  of  the  component  elements  in 
the  ommatidium  of  Liraulus^  the  appearance  shown  in  Fig.  7 
will  be  presented.  The  epithelial  cells  {Ep)  forming  the  walls 
of  the  pit  are  drawn  with  their  chitin-secreting  surfaces  turned 
towards  the  axis  of  the  ommatidium,  which  is  morphologically 
the  exterior  surface  of  the  body. 

<j.  The  Development  of  the  Compound  Eye, 

The  first  rudiments  of  the  compound  eye  appear  extremely 
early  in  the  embryonic  stage  as  a  pair  of  ectodermal  thickenings 
above  the  level  of  the  "  dorsal  organ."  In  Fig.  89,  PL 
XXXII,  ♦  shows  the  place  where  the  compound  eye  makes  its 
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appearance.  In  this  stage  the  "  dorsal  organ  "  {D.  0)  is  already 
very  prominent.  The  eye  itself  does  not  show  its  characteristic 
invagination,  but  is  represented  by  a  slightly  thickened  patch  of 
the  ectoderm  ;  except  in  the  microscopic  examination  of  the  sec- 
tions it  is  hardly  recognizable.  The  section  Fig.  42,  PI. 
XXXII,  shows  an  embryo  considerably  more  advanced  than 
Fig.  39.  The  plane  of  section  passes  obliquely  forward  from 
behind,  and  cuts  both  the  eye  {E)  and  the  "  dorsal  organ  " 
(i?.  O).  The  most  noticeable  feature  in  this  stage  of  the  devel- 
opment of  the  eye  is  the  existence  of  the  lateral  invaginations  at 
the  edges  of  the  ocular  area.  The  section  shows  three  portions, 
the  dorsal  fold  (d.f)  and  ventral  fold  {v./)j  with  the  median 
portion  {E)  between  them.  The  groove  along  which  the 
ectoderm  invaginates  is  V-shaped,  with  the  pointed  end  turned 
towards  the  posterior  end  of  the  body.  As  the  invagination 
becomes  deeper,  the  pointed  end  of  the  V  becomes  prolonged  into 
a  tube,  which  works  its  way  beneath  the  general  surface  of  the 
ectoderm.  This  tubular  invagination  of  the  posterior  part  of 
the  eye  will  bo  called  the  median  fold  of  involution  (jn,/)  in 
our  subsequent  descriptions. 

The  whole  outline  of  the  invaginated  area  may  be  represented 
by  Y,  the  area  intercepted  by  the  two  divergent  branches  of  the 

Y  being  the  ommatidial  portion,  while  the  posterior  stem  of  the 

Y  is  the  continuation  of  the  lateral  depressions,  the  median  fold, 
extending  backward  and  downward  beneath  the  surface  of  the 
general  ectoderm. 

The  opening  of  the  tube  is  at  the  junction  of  the  two  divergent 
branches  of  the  Y  with  the  posterior  median  stem. 

Figs.  47-56,  PI.  XXXIII,  represent  a  series  of  transverse 
sections  of  the  compound  eye  in  the  stage  represented  by  Fig. 
42,  PI.  XXXII.  Fig.  47  is  the  section  passing  through  the 
anterior  end  of  the  ocular  area.  The  ectodermic  cells  are  con- 
siderably thicker  than  the  general  ectoderm  in  this  region.  The 
section  which  comes  immediately  behind  this  is  not  given  in  the 
plate.  Fig.  48  shows  essential  characters  of  the  section  whfch 
immediately  follows  the  section  Fig,  47.  At  two  portions  of  the 
thickened  ectoderm,  rf.y  and  v. y,  the  cells  arrange  themselves 
in  radial  fashion,  accompanied  by  a  characteristic  change  in  each 
nucleus,  which  becomes  coarsely  granular  and  peculiarly  trans- 
lucent. 
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In  examining  the  next  section,  Fig.  49,  the  radial  arrange- 
ment of  cells  in  the  above  section  is  shown  to  be  the  beginning 
of  invagination.  In  Fig.  49  the  lateral  invaginations  {i.y  and 
17.  y  have  each  a  well  developed  lumen.  In  the  median  side  the 
walls  of  the  invaginations  become  continuous  with  the  group  of 
finely  divided  cells,  each  with  darkly  stained  nucleus.  This 
group  of  cells  give  rise  to  ommatidia.  The  outer  wall  of  each 
invagination  becomes  continuous  with  the  columnal  epithelial 
covering  of  the  body. 

Figs.  50  and  51  show  essentially  the  same  thing.  The  omma- 
tidial  area  {Om)  in  Fig.  51  becomes  wider  than  in  any  of  the 
preceding  sections. 

Just  at  the  point  where  the  maximum  width  of  the  omma- 
tidial  area  is  reached  (Fig.  51),  it  again  begins  to  become  narrow, 
for  in  the  section  (Fig.  52)  which  comes  immediately  behind  that 
shown  in  (Fig.  51),  the  ommatidial  area  is  narrower  compared 
with  that  shown  in  Fig.  51,  and  the  two  lateral  folds  of  invagi- 
nations approach  each  other,  resulting  in  a  fusion  in  the  median 
line  in  Fig.  53.  In  Fig.  54  the  fused  lateral  folds,  resulting  in 
the  formation  of  the  median  fold  (w../*),  begins  to  work  its  way 
beneath  the  level  of  the  skin.  In  Fig.  55  a  few  cells  (m.  f\ 
forming  the  posterior  extremity  of  the  median  fold  beneath  the 
skin,  are  found.  The  section  (Fig.  56)  passing  behind  that  shown 
in  Fig.  55  shows  no  trace  of  invagination  of  any  kind. 

The  anterior  end  of  the  eye,  then,  begins  with  Fig.  47 ;  two 
sections  behind  it  a  beginning  of  lateral  invaginations  becomes 
discernible;  at  Fig.  53  the  two  lateral  folds  fuse,  and  at  the 
ninth  section  (Fig.  54)  they  form  a  median  tube  {7n.f\  and  at 
Fig.  56  the  posterior  boundary  of  the  ommatidial  area  terminates. 

In  Figs.  45a  and  46a  are  shown  the  longitudinal  sections  of 
the  eye.  The  ommatidial  cells  in  the  anterior  portion  of  the  eye 
send  out  nerve  fibres  which  form  the  optic  nerve  {Op.  n).  The 
basement  membrane  {B,  M)  which  underlies  the  ectodermal  cells 
forms  a  complete  sheath  to  the  bundle  of  optic  nerve  fibres  going 
to  the  optic  ganglia  of  the  brain,  which  are  formed  by  inde- 
pendent involutions  on  the  ventral  side  of  the  body.^   The  origin 

'  The  optic  ganglia  arise  as  ectodermio  involutions  in  the  pre-oral  region  of 
the  animal.  Owing  to  the  existence  of  a  great  cephalic  flexure  in  Limulus,  that 
side  where  the  optic  ganglia  as  well  as  the  median  eye  originate  has  for  the  sake 
of  convenience  been  called  the  **  ventral  side." 
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of  the  optic  nerve  fibres  is  further  shown  in  Fig.  43,  PL  XXXII. 
The  figure  shows  an  oblique  transverse  section  through  the 
ommatidial  region  of  a  more  advanced  embryo  than  the  one 
shown  in  Fig.  45a,  PI.  XXXIII.  The  plane  of  section  passes 
through  the  ommatidial  area  and  through  the  bundle  of  the  optic 
nerves,  which  run  forward.  The  migration  of  the  ectodermal 
cells  seems  to  take  place  from  the  periphery  to  the  inside  of  the 
body.  The  basement  membrane  iJS.  M)  forms  a  continuous 
sheath  around  this  migratory  stream  of  ectodermal  cells. 

In  Fig.  40,  PI.  XXXII,  is  shown  an  embryo  in  the  so-called 
**  trilobite  stage."  A  pair  of  round  protuberant  organs  (/>.  0)  in 
front  of  the  eyes  {E)  are  the  "  dorsal  organs."  The  eye  is  distinctly 
marked  in  this  stage,  owing  to  the  formation  of  pigment  granules 
in  the  component  cells.  Except  in  the  general  enlargement  of 
the  organ  and  the  formation  of  the  pigment  granules  in  the 
cells,  the  eye  in  this  stage  does  not  offer  any  material  difference 
from  the  condition  seen  in  the  stage  which  we  have  already 
examined  (Figs.  47-56).  After  the  first  moult  of  the  chitinous 
covering  from  the  condition  represented  in  Fig.  40,  PI.  XXXII, 
it  passes  into  a  more  advanced  condition  when  the  essential 
Limuloid  features  characteristic  of  the  adult  become  distinctly 
discernible.  Fig.  41,  PL  XXXII,  represents  the  young  Limvlua 
at  its  first  stage  in  the  acquisition  of  the  external  Limuloid 
features.  The  whole  body  is  translucent ;  the  chitinous  covering 
of  the  body  is  yet  extremely  thin,  and  the  dendritic  ramifications 
of  the  "liver"  containing  the  remnant  of  the  food-yolk  of  various 
hues,  sometimes  green,  at  other  times  yellow  or  pink,  shine 
through  the  transparent  tissues  of  the  body. 

The  compound  eye  {E)  shows  an  interesting  feature  in  con- 
nection with  the  formation  of  the  ommatidial  area. 

Figs.  57-64,  PL  XXXIV,  show  a  series  of  transverse  sections 
through  the  compound  eye  in  the  stage  shown  in  Fig.  41,  PL 
XXXII. 

Fig.  57,  PL  XXXIV,  represents  a  section  passing  through  the 
anterior  part  of  the  eye.  The  ectoderm  in  the  ommatidial  area 
is  thrown  into  a  number  of  folds.  The  cells  lying  in  the  valley 
of  the  fold  are  destined  to  give  rise  to  the  ommatidium.  In  the 
dorsal  margin  of  the  ommatidial  area  there  exists  a  thick  layer 
of  ectoderm,  consisting  of  a  number  of  large  cells,  each  with 
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granular  protoplasm  and  a  large  nucleus.  At  the  basal  end  of 
each  cell  there  exists  an  accumulation  of  transparent  liquid  sub- 
stance. Beneath  ommatidial  area  a  well  defined  basement  mem- 
brane (jS.  Jf ),  which  is  the  continuation  of  the  same  membrane 
existing  under  the  general  ectoderm  of  the  body,  sharply  marks 
out  the  ommatidial  structure  from  the  mesodermic  tissues. 

In  Fig.  58)  which  is  taken  a  few  sections  behind  the  preceding, 
is  shown  the  ommatidial  area  at  its  widest  part.  Four  omma- 
tidia  formed  by  the  undulating  folds  of  the  ectoderm  are  shown, 
each  depression  being  accompanied  by  a  corresponding  thick- 
ening of  the  chitin,  forming  the  rudiment  of  the  lens-cone  {C). 

On  both  sides  of  the  ommatidial  area  we  find  the  lateral 
invagination  of  the  ectoderm.  The  cells  forming  the  invaginated 
folds  undergo  enormous  enlargement,  and  in  the  basal  end  of 
each  cell  is  shown  a  large  accumulation  of  transparent  fluid. 
The  cells  forming  the  inner  walls  of  tlie  dorsal  and  ventral  folds 
of  invaginations  undergo  various  metamorphoses.  Each  of  them 
becomes  divided  into  a  number  of  smaller  cells,  each  of  these 
segments  being  packed  with  extremely  tine  pigment  granules. 
As  the  cells  in  the  inner  walls  of  the  dorsal  and  ventral  folds 
{d.f^  v.f)  become  divided  up  into  a  number  of  smaller  pigmented 
segments,  they  are  constantly  pushed  out  towards  the  surface, 
where  they,  grouping  themselves  into  a  number  of  ommatidia, ' 
increase  the  general  surface  of  the  ommatidial  area.  Thus, 
the  older  ommatidifi  are  found  in  the  middle  and  the  younger 
ommatidia  are  to  be  found  around  the  marginal  portion  of  the 
ocular  area. 

In  Fig.  69  a  section  is  shown  in  which  the  ommatidial  area  is 
narrower  than  the  preceding.  In  Figs.  60  and  61  this  narrowing 
of  the  ommatidial  portion  continues,  and  in  Fig.  62  the  dorsal 
and  the  ventral  folds  meet  in  the  median  line.  In  Fig.  63  the 
median  fold  becomes  completely  buried  beneath  the  general 
ectoderm.  In  Fig.  64  the  section  passes  near  the  posterior 
extremity  of  the  median  fold,  where  the  reduction  in  the  size  of 
the  tube  as  well  as  its  increased  distance  from  the  level  of  the 
general  ectoderm  is  clearly  discernible. 

In  all  the  figures  above  described  Pg,  c  means  the  pigment 
cells,  which  in  the  state  of  nature  are  highly  pigmented,  each 
with  a  small  eccentric  nucleus.    Each  section  has  been  carefully 
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depigmented,  without  which  the  process  of  the  formation  of  the 
ommatidia  and  the  increase  of  the  ocular  area  is  perfectly  unin- 
telligible. Those  cells  in  the  figures  which  have  no  granular 
structure  are,  in  the  state  of  nature,  charged  with  a  large  quan- 
tity of  pigment  granules,  and  those  large  cells  forming  the  walls 
of  the  lateral  folds  are  granular  and  free  from  pigment  granules. 

Transverse  sections  are  not  fitted  for  the  study  of  the  forma- 
tion of  the  nerve  fibres.  In  this  stage,  as  in  the  preceding  ones, 
each  ommatidium  sends  out  nerve  fibres  from  its  basal  end 
towards  the  interior  of  the  body.  Besides  the  cells  in  the  bottom 
of  each  ommatidial  pit,  each  gigantic  cell  of  the  outer  walls  of 
the  dorsal  and  ventral  folds  sends  out  a  nerve  process  from  its 
basal  end,  which  runs  inward  and  forward,  joins  the  nerve  fibres 
from  the  bottom  of  each  ommatidium,  forming  a  large  bundle, 
and  goes  to  the  brain* 

The  invagination  of  the  lateral  and  posterior  margin  of  the 
ocular  area  is  usually  not  permanent.  With  a  growth  of  the 
animal  and  an  increase  of  the  surface  of  the  ocular  area,  the 
invaginated  folds,  both  on  the  sides  as  well  as  behind  the  ocular 
area,  become  stretched  out  in  the  adult  animals  and  leave  no 
trace  of  their  existence.  Occasionally,  however,  one  meets  in  the 
adult  with  a  remnant  of  the  involuted  tube  in  the  posterior  part 
*  of  the  eye,  which  exists  as  a  ball  of  pigment  cells  buried  in  the 
midst  of  the  mesodermic  tissue. 

The  history  of  the  ommatidial  cells  in  the  compound  eye  of 
Limulus  may  then  be  stated  in  the  following  way : 

(1).  A  stage  of  undifferentiated  ectodermal  cells. 

(2).  Thickening  of  these  undifferentiated  cells,  accompanied 
with  the  invagination  beneath  the  surface. 

(3).  Extreme  enlargement  of  the  invaginated  ectoderm,  fol- 
lowed by  the  acquisition  of  pigment  granules  and  by  division. 

(4).  Pushing  out  of  the  resulting  small  pigmented  cells  towards 
the  surface  where  they  differentiated  into  two  fundamental 
groups:  {a)  Ordinary  epithelial  cells,  which  secrete  the  chitinous 
cuticle  over  the  ocular  area,  including  the  lens,  or  pack  the  inter- 
spaces of  the  neuro-epithelium ;  (J)  neuro-epithelium,  consisting 
of  the  rod-bearing  retinulae  and  the  central  ganglion  cells,  the 
two  forming  the  sensory  portion  of  the  ommatidium. 
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IV. — Phtlogeny  of  the  Ommatidhjm. 

I  do  not  pretend  to  enter  into  a  detailed  discnssion  of  this 
difficult  problem.  In  order,  however,  to  give  a  more  intelligent 
idea  of  what  I  have  thus  far  been  considering,  I  will  devote  the 
following  pages  to  the  reconsideration  of  facts  given  in  the 
preceding  pages  from  a  more  comprehensive  standpoint. 

Balfour*  has  given  a  sketch  of  the  possible  evolution  of  a  visual 
organ.  He  starts  with  a  simple  organism  in  which  a  spot  on 
the  surface  of  the  body  may  become  spontaneously  pigmented 
and  therefore  become  specially  sensitive  to  light.  The  cuticular 
covering  of  the  body  may  become  thickened  at  this  spot  and  act 
as  an  apparatus  for  condensing  the  light  upon  the  pigmented 
spot  lying  beneath  it.  He  further  expresses  his  view  elsewhere* 
that  the  lens-like  dioptric  apparatus  of  the  eye,  formed  either 
as  a  thickening  of  the  cuticle  or  as  a  mass  of  cells,  was  at  first 
formed  simply  to  concentrate  the  light  on  the  sensitive  spot ;  the 
power  to  throw  an  image  of  external  objects  on  the  perceptive 
part  of  the  eye  was  acquired  gradually  afterward. 

The  part  which  is  played  by  pigment  in  the  physiology 
of  vision  is  considered  a  most  obscure  problem.  I  quote  the 
following,  clearly  put  forward  by  Foster,*  as  a  physiological 
aspect  of  the  question  bearing  upon  the  discussion  at  issue: 
"But  in  order  that  light  may  produce  chfemical  effects  (upon 
protoplasm),  it  must  be  absorbed ;  it  must  be  spent  in  doing  the 
chemical  work.  Accordingly,  the  first  step  towards  the  forma- 
tion of  an  organ  of  vision  is  the  differentiation  of  a  portion  of 
protoplasm  into  a  pigment  at  once  capable  of  absorbing  light 
and  sensitive  to  light — i.  e.  undergoing  decomposition  upon 
exposure  to  light.  An  organism,  a  portion  of  whose  protoplasm 
had  thus  become  differentiated  into  such  a  pigment,  would  be 
able  to  react  towards  light.  The  light  falling  on  the  organism 
would  be  in  part  absorbed  by  the  pigment,  and  the  rays  thus 
absorbed  would  produce  a  chemical  action  and  set  free  chemical 

'  F.  M.  Balfour :  Address  to  the  Department  of  Anatomy  and  Physiology, 
British  Association,  1880 ;  Nature,  Vol.  XXII,  p.  417, 1880. 

^ComparaHve  Embryology,  Vol.  II,  Chapter  XVI,  Organs  of  Vision,  p.  470. 

»M.  Poster:  A  Text  Book  of  Physiology,  4th  Edition,  Book  III,  Chap.  II: 
Sight ;  The  Photochemistry  of  Retina,  pp.  616-516. 
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substances  which  before  were  not  present.  We  have  only  to 
suppose  that  the  chemical  substances  are  of  such  a  nature  as  to 
act  as  a  stimulus  to  the  protoplasm  of  other  ^arts  of  the  organism 
(and  we  have  manifold  evidence  of  the  exquisite  sensitiveness  of 
protoplasm  in  general  to  chemical  stimuli),  in  order  to  see  how 
rays  of  light  falling  on  the  organism  might  excite  movements  in 
it,  or  modify  movements  which  were  being  carried  on,  or  might 
otherwise  affect  the  organism  in  whole  or  in  part.  Such  consid- 
erations as  the  foregoing  may  be  applied  to  even  the  complex 
organ  of  vision  of  the  higher  animals.  If  we  suppose  that  the 
actual  terminations  of  the  optic  nerve  are  surrounded  by 
substances  sensitive  to  light,  then  it  becomes  easy  to  imagine 
how  light,  falling  on  these  sensitive  substances,  should  set  free 
chemical  bodies  possessed  of  the  property  of  acting  as  stimuli  to 
the  actual  nerve-endings,  and  thus  give  rise  to  visual  impulses  in 
the  optic  fibres." 

Lubbock^  advances  essentially  the  same  idea  as  Balfour's  in  his 
recent  work  on  the  subject,  illustrated  wit}}  some  lucid  diagrams. 
"  In  the  simple  forms,"  he  says,  "  the  whole  surface  is  more  or 
less  sensitive.  Suppose,  however,  some  solid  and  opaque  particles 
of  pigment  deposited  in  certain  cells  of  the  skin.  Tlieir  opacity 
would  arrest  and  absorb  the  light,  thus  increasing  its  effect,  while 
their  solidity  would  enhance  the  effect  of  external  stimulus.  A 
further  step  might  be  a  depression  in  the  skin  at  this  point,  which 
would  serve  somewhat  to  protect  these  differentiated  and  more 
sensitive  cells,  while  the  deeper  this  depression  the  greater  would 
be  the  protection." 

That  such  steps  of  gradual  development  of  visual  organs  have 
actually  taken  place  in  some  forms  is  quite  probable.  In 
Arthropods,  it  seems  to  me  worthy  of  remark  that  the  omma- 
tidium  of  the  lateral  eye  of  Limulus  makes  the  nearest  approach 
to  this  primitive  condition.  It  is  nothing  more  and  nothing  less 
than  a  depression  in  the  skin,  with  the  thickened  chitinous  cuticle 
fitting  in  the  open  cavity  and  acting  as  a  lens  to  condense  the  light. 
The  cells  which  form  the  sensory  part  of  the  structure  are  modi- 
fied ectodermic  cells,  and,  like  the  rest  of  the  ectodermic  cells 
lying  on  the  surface  of  the  body,  secrete  the  chitinous  cuticle  on 

'  On  the  Senses,  Instinct,  and  Intelligence  of  Animals,  Inter.  Sole.  Series, 
Vol.  LXIX,  1888. 
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a  part  of  their  surface.  Assuming  the^surface  where  the  chitin 
is  secreted  to  be  the  exterior,  we  may  describe  the  ommatidium 
of  the  lateral  eye  oi  Limulus  as  a  group  of  modified  ectodermic 
cells  aggregated  around  and  beneath  the  funnel-shaped  depres- 
sion in  the  skin.  A  glance  at  the  diagrams  (Fig.  6,  PI.  XXIX  ; 
Figs.  65  and  66,  PI.  XXXV)  will  show  this  clearly.  The  sensory 
cells  of  the  ommatidium  come  into  direct  contact  with  the  conical 
lens,  which  is  the  thickened  part  of  the  general  cuticle ;  or,  to 
express  this  in  the  phraseology  of  Lankester'and  Bourne,  the 
ommatidium  in  the  lateral  eye  of  ZimwZ'M*  is  "  epistatic."  The 
cornea  and  crystalline  cone  as  such  have  no  separate  existence  in 
this  stage. 

Suppose  such  an  ommatidium  to  become  duplicated  until  a 
considerable  number  be  formed,  as  we  may  safely  imagine 
to  have  been  the  case,  from  the  general  tendency  in  the  perfec-. 
tion  of  a  visnal  organ.  What  will  be  the  result?  The  first  effect 
of  such  an  increase  of  the  number  of  ommatidia  in  a  given  area 
will  be  the  lengthening  of  each  unit  in  the  direction  of  the 
ommatidial  axis,  and  the  cells  ( F,  Fig.  67,  PI.  XXXV)  which 
were  situated  directly  on  the  outside  of  the  retinulae  will  travel 
over  and  above  the  sensory  portion  {Rt  and  Gy  Fig.  67).  The 
distal  ends  of  such  cells  ( V)  which  were  thus  pushed  over  will 
meet  one  another  in  the  median  or  the  "optic  axis"  of  the 
ommatidium;  further,  they  will  continue  to  secrete  chitin  (c. c. 
Fig.  67)  from  their  original  chi tin-secreting  surfaces  which  are 
now  median  and  axial.  The  chitin  thus  secreted  will  have  an 
independent  existence  from  the  cornea,  thus  forming  the  rudi- 
ment of  the  crystalline  cone,  and  the  cells  themselves  will  form 
the  vitrellae  ( F",  Figs.  67,  68,  etc.).  Finally,  as  the  deepening 
Btill  further  goes  on,  the  corneal  lens  (<7)  and  crystalline  cone 
(a  c)  will  be  entirely  separated,  thus  producing  a  condition 
somewhat  similar  to  that  which  obtains  in  Serolis  (Figs.  69 
and  70.) 

From  this  point  onward,  the  three  chitinous  structures,  cornea^ 
crystalline  cone,  and  rhahdomere^  undergo  a  different  develop- 
ment in  different  Arthropods.  In  some  the  crystalline  cone 
assumes  a  transparent  semi-liquid  state,  while  the  whole  cell 
becomes  extremely  elongated,  forming  the  crystalline  cone  of 
certain  Crustacea  (Fig.  71,  PI.  XXXV);  it  may  form  a  hard 
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cbitinons  ball  as  in  Serolis  (Fig.  70,  PL  XXXV) ;  or  a  cimeiforra 
chitinons  Btractnre,  as  in  Talarchestia  (Fig.  73,  PL  XXXV) ;  or 
finally  the  whole  cell  may  remain  as  a  clear,  transparent  body, 
as  in  several  insects,  forming  Grenacher's  "  aconous  type ''  of  the 
compound  eye. 

The  forms  assamed  by  the  rhabdomeres  in  different  Arthro- 
pods are  eqnally  diverse.  The  rhabdomere  may  exist  as  a  plain 
cnticnlar  covering  over  the  non-pigmented  part  of  the  retinula, 
as  in  Zimulus  or  in  Serolis  (Fig.  10,  M,  PL  XXIX ;  Fig.  38, 
Hb,  PL  XXXI,  etc.) ;  it  may  become  extremely  elongated  and 
narrow  as  in  Mvsca  or  in  Callinectes  (Fig.  5,  j?5,  PL  XXIX ; 
Fig.  37,  My  PL  XXXI ;  Fig.  72,  lib,  PL  XXXV) ;  it  may 
become  transversely  folded  as  in  Cambarus  (Fig.  35,  Hb^  PL 
XXXI;  Fig.  4,  Bb,  PL  XXIX;  Fig.  71,  i?ft,  PL  XXXV); 
these  transverse  folds  may  become  still  finer,  showing  the 
chitinons  serrature  along  the  axial  edge  of  the  retinula,  as  in 
Penaevs  and  Homarvs  (Fig.  34,  Rb^  PL  XXXI) ;  or  this  trans- 
verse serratnre  may  become  extremely  fine  and  regular,  as  in 
Squilla  (Fig.  36,  PL  XXXI). 

The  cornea  undergoes  equally  diverse  modifications  according 
as  it  is  purely  protective,  or  partly  protective  and  partly  dioptric 
in  function.  The  range  of  variation  is  shown  by  the  degrees  of 
curvatures  and  by  the  varieties  of  its  thickness.  In  several  of 
the  decapod  Crustacea  which  I  have  examined,  as  PenaeiLS^ 
CambaruSj  Homarua^  Callinectes^  Oebia^  etc.,  the  curvatures  of 
the  individual  cornea  on  both  surfaces  are  very  slight;  it  is 
biconvex  in  an  extremely  small  degree.  In  Talorchestia  both 
surfaces  of  the  cornea  are  parallel.  In  Serolis^  four  species  of 
which  I  have  studied,  all  having  well  developed  compound  eyes, 
there  exists  a  considerable  difference  in  different  species  in  the 
nature  of  the  cornea.  In  some  the  curvature  on  the  proximal 
surface  is  very  strong  and  the  whole  structure  is  quite  thick, 
while  in  others  the  cornea  is  rather  thin  and  a  slight  development 
of  curvatures  exists.  This  is  interesting,  showing  that  even 
within  the  group  of  nearly  allied  species  there  are  considerable 
differences  in  this  respect. 

This  fact  is  easy  to  understand  when  we  remember  the  func- 
tional property  of  the  cornea  and  the  crystalline  cone.  As  has 
been  noticed  already,  the  crystalline  cone  is  always  dioptric  in 
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function,  while  the  cornea  may  be  partly  protective  and  partly 
dioptric,  or  wholly  protective.  When  the  cornea  becomes  partly 
dioptric,  as  in  Serolis  and  in  several  other  Arthropods,  the  diop- 
tric function  in  an  individual  ommatidium  comes  to  be  performed 
by  two  structures,  the  crystalline  cone  and  the  corneal  lens. 
When  the  two  structures  act  together  for  the  same  end  at  the 
same  time,  it  is  easy  to  see  how  a  certain  trivial  peculiarity  of 
the  one  may  induce  a  correlative  modification  of  the  other,  and 
how  a  slight  specific  peculiarity  may  appear  exaggerated  in  the 
thickness  or  in  the  degree  of  curvature  of  the  corneal  lenses  in 
different  species. 

After  so  much  has  been  said  in  regard  to  the  unity  of  structure 
of  the  ommatidium  in  difierent  Arthropods,  one  important  point 
awaits  our  consideration,  viz.  the  homology  and  fate  of  the  cen- 
tral ganglion  cell  found  in  the  ommatidium  of  Limulua.  Unless 
a  great  many  forms  of  ommatidia  in  different  Arthropods  be 
compared,  a  discussion  on  this  point  appears  to  be  unprofitable. 
The  consideration  which  follows  is  therefore  a  purely  provisional 
one. 

There  can  be  no  question  that  the  central  ganglion  cell  is  an 
important  factor  in  the  ommatidium  of  Limulv^y  nor  can  we 
doubt  the  existence  of  a  fundamental  homology  between  the 
retinulae  otLimuhis  and  those  of  all  the  other  Arthropods  which 
I  have  examined.  With  the  exception  of  a  few  problematical 
bodies,  such  as  the  "hyaline  cells"  of  Serolis,  there  are  no  struc- 
tures in  the  ommatidia  of  most  Arthropods  which  correspond  to 
the  central  ganglion  cell  of  Limulus,  in  spite  of  the  existence  of 
a  fundamental  homology  in  the  other  elements  of  the  ommatidium. 

What  has  become  of  the  central  ganglionic  element  of  the 
ommatidium  ?  Was  it  lost  in  the  course  of  the  phylogenetic 
history  of  a  more  complex  ommatidium  ?  Or  is  it  reasonable  to 
suppose  that  some  ommatidia  came  into  existence  without  it 
from  the  beginning?  Or,  if  it  were  lost  at  all,  is  there  any 
evidence  which  makes  this  supposition  probable  ? 

The  colorless  ganglionic  cell  and  the  pigmented  rod-bearing 
cells  which  surround  the  former  I  consider  as  the  two  primitive 
morphological  factors  in  the  unit  of  the  sensory  part  of  the 
Arthropod  retina,  somewhat  in  the  same  way  as  the  circle  of 
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rods  with  a  cone  in  the  centre  are  the  two  essential  factors  in  the 
neuro-epithelial  layer  of  the  human  retina.  In  the  absence  of 
enongh  comparative  data  in  Arthropods  at  present  we  have  to 
dwell  largely  on  the  analogy  suggested  in  the  other  groups  of 
animals.  Whatever  be  the  views  as  to  the  fundamental  homology 
of  the  ommatidium  of  Limulus  to  a  structural  unit  of  the  sensory 
part  of  the  human  retina,  a  superficial  resemblance  of  the  one  to 
the  other  is  certainly  very  strong.  The  structural  resemblance 
is  paralleled  by  a  physiological  one.  The  place  where  the  light 
acts  in  the  visual  end-organ  of  Arthropods  and  of  man  may 
alike  be  considered  as  consisting  of  a  number  of  definite  groups 
of  cells,  each  group  being  a  morphological  and  a  physiological  unit ; 
or,  in  other  words,  the  sensory  part  of  the  retinse  in  both  cases 
consists  of  a  mosaic  of  several  sensitive  spots.  The  image  formed 
on  such  a  surface  is  therefore  a  mosaic  one,  whether  in  an 
Arthropod  or  in  a  Vertebrate. 

Fundamental  as  this  arrangement  appears  to  be  in  the  human 
retina,  these  two  factors  are  liable  to  variation  in  their  relative 
distribution  in  different  Vertebrates.  In  fact,  the  variation  takes 
place  between  the  two  extremes  where  the  rods 'alone  exist  on 
one  hand  and  where  the  cones  alone  constitute  the  essential  part 
of  the  retina  on  the  other.  Thus,  according  to  Schultze,  "either 
form  of  percipient  element  (rod  and  cone)  may  be  represented  by 
the  other  "  in  the  Vertebrate.  This  range  of  variability  in  the 
distribution  of  the  cones  and  rods  occurs  even  in  a  single  group 
of  Vertebrates,  as  in  mammalia,  showing  that  the  variation  in 
the  distribution  of  the  essential  factors,  oven  within  a  tolerably 
well  circumscribed  group  of  animals,  is  sometimes  quite  exten- 
sive. The  group  of  Arthropods  is  a  heterogeneous  one,  and  I 
see  no  a  priori  objection  to  believing  in  the  existence  of  a  phe- 
nomenon analogous  to  what  we  find  in  Vertebrates,  viz.  that  the 
two  percipient  elements  represented  by  the  central  and  the 
peripheral  cells  in  the  ommatidium  of  Limulua  may  be  differ- 
ently represented  in  different  Arthropods. 

There  is  no  doubt  whatever  that  the  retinula  cells  are  homo- 
logous throughout  the  Arthropods.  In  fact,  in  most  Arthropods 
which  I  have  examined  no  other  elements  but  the  retinulae 
have  any  connection  with  the  optic  nerve  fibres,  and  they  often 
undergo  an  enormous  development  and  acquire  most  complicated 
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Btrnctures,  as  in  Homa/iru%  or  in  Penaevs^  &^^g  rise  to  tlie  much 
discussed  "  spindle." 

Bat  what  has  become  of  the  central  element  which  is  so 
conspicuous  in  the  ommatidium  of  Limulus^  if  the  retinulae  in 
all  Arthropods  are  homologous?  I  believe  the  central  cell  is 
fully  functional,  judging  from  its  position  and  from  its  veritable 
connection  with  optic  nerve  fibre  in  LirauluB.  What  in  other 
Arthropods  strongly  reminds  one  of  this  cell  is  the  *' hyaline  cell" 
at  the  bottom  of  the  ommatidial  pit  in  Serolia  and,  according  to 
Seddard,  also  in  the  Cymothoidde.  One  important  difference, 
however,  exists  between  the  "  hyaline  cell "  of  the  Isopods  and 
the  central  cell  in  the  ommatidium  ot  Limulus^  viz.  that,  while 
in  the  latter  the  cell  is  connected  with  the  optic  nerve,  the 
"  hyaline  cell "  in  the  former  has  no  connection  with  the  central 
nervous  system  whatever.  Hence  the  "  hyaline  cell "  cannot  be 
sensory,  even  if  it  be  homologous  with  the  central  cell  oflmnulua^ 
which  it  resembles  in  its  general  appearance  and  in  its  position. 
The  number  of  "hyaline  cells"  in  Serolis  is  always  two,  while 
its  supposed  homologue  in  Limulus  is,  as  a  general  rule,  only 
one.  This  fact  does  not  offer  any  objection  to  my  view  of  their 
homology,  when  we  bear  in  mind  that  other  elements  in  different 
ommatidia,  as  vitrellae  and  retinulae,  show  a  wide  range  of 
variation  so  far  as  their  numbers  are  concerned,  and  yet  they 
can  be  considered  as  perfectly  homologous. 

A  further  embryological  and  comparative  knowledge  in  regard 
to  the  "hyaline  cell"  in  Isopods  is  necessary  for  the  determination 
of  its  exact  homology.  Meanwhile  I  would  observe  that  if  the 
central  and  the  peripheral  cells  which  we  see  in  the  ommatidium 
of  Limulus  may  be  taken  as  the  two  essential  factors  of  the 
sensory  element  of  the  typical  Arthropod  retina,  the  case  of 
Serolis  may  be  taken  as  a  loss  of  balance  in  the  relative  develop- 
ment of  these  two  factors ;  the  central  cells  having  lost  their 
sensory  function  and  remaining  as  a  sort  of  supporting  mechan- 
ism. We  can  imagine  this  change  in  the  function  of  the  central 
cell  as  carried  still  farther,  and  with  the  excessive  development 
of  the  peripheral  elements,  the  retinulae,  the  central  element 
may  finally  have  disappeared. 

All  this  is,  however,  a  mere  suggestion,  and  my  interpretation 
of  the  nature  of  the  Arthropod  ommatidium  in  general  does  not 
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lose  its  force  even  if  this  section  of  my  views  in  regard  to  the 
fate  and  homology  of  the  central  cell  or  cells  be  proved  unten- 
able. It  is  qnite  possible  that  the  ommatidia  in  vrhich  there  is 
no  element  corresponding  to  the  central  cell  of  Limulus  may 
have  originated  without  it  from  the  beginning.  It  seems,  how- 
ever, more  natural  to  suppose  that  such  an  ommatidium  had  it 
originally  and  lost  it  later,  observing  that  the  simplest  form  of 
ommatidium  possesses  it  in  its  fully  functional,  sensory  form. 

Finally  we  have  to  consider  the  nature  of  the  compound  eye 
as  a  whole  as  presented  in  various  types  of  Arthropods. 

That  a  certain  structure  in  the  body  of  an  animal  may  repeat 
itself  and  give  rise  to  a  secondary  aggregate,  or  to  a  compound 
organ,  is  a  well  known  fact;  the  repetition  of  similarly  con- 
structed uriniferous  tubules  forms  the  essential  part  of  a  verte- 
brate kidney,  or  the  similar  repetition  of  gill-filaments  forms  the 
respiratory  organ  of  a  Lamellibranch.  Sundry  other  examples 
of  this  nature  might  be  given,  but  the  above  two  will  suffice. 
Tracing,  as  I  have  attempted  to  do,  the  most  complicated  omma- 
tidium into  a  simple,  open  ectodermic  pit,  there  is  to  my  mind 
no  difficulty  in  believing  that  the  compound  eye  of  the  Arthro- 
pod is  one  of  the  most  astonishing  examples  of  the  formation  of 
an  organ  by  the  vegetative  repetition  of  the  similar  structure. 
Thus,  according  to  Lubbock,  there  are  about  4000  facets  in  tlie 
compound  eye  of  the  house-fly  [Musca)^  each  facet  corres- 
ponding to  a  single  tubular  invagination  of  the  skin,  the  omma- 
tidium. There  are  4000  independent  invaginations  in  the  area 
in  the  head  of  the  fly  occupied  by  the  compound  eye ;  in  the 
gadfly  {(Estrus)  7000;  in  the  goat-moth  {Cossus)  11,000;  in  the 
death's-head  moth  {Sphinx  atrqpoa)  12,000 ;  in  a  butterfly 
{PapiUio)  17,000 ;  in  a  dragon  fly  {jEschnci)  20,000  ;  in  a  small 
beetle  {Mordella)  as  many  as  25,000.  On  the  other  hand,  the 
number  of  ommatidia  seems  to  have  reached  its  minimum  in 
certain  Copepods,  as  in  Corycaaus^  where  the  whole  visual  organ 
seems  to  be  represented  by  a  single  colossal  ommatidium. 

Certain  forms  of  CoUembola*  seem  to  have  a  very  small  num- 

'  Lubbock.  Monograph  of  the  GolUmbola  and  Thysanura,  the  Ray  Society, 
1873,  p.  57,  Pis.  LV  and  LVI.  Lubbock  uses  the  term  "  ocellus  "  to  designate 
a  single  element  of  the  eye  which  I  here  called  an  ommatidium.  If  the  struc- 
ture of  this  *' ocellus"  differs  from  the  ommatidium  of  other  Arthropods,  it 
has,  of  course,  nothing  to  do  with  the  discussion  at  issue. 
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Ker  of  ommatidia ;  thus  in  Templetonia  only  one  onQmatidium 
exists  on  each  side  of  the  head ;  OrcheaeUa  has  six  on  each  side 
of  the  head ;  Tomocerus^  Isopoma^  have  seven ;  Degeeria^  Lepi- 
docyrtusj  Smynthurus  and  Papirius^  eight.  In  the  ants  we 
observe  a  similar  gradation  in  the  nnmber  of  ommatidia. 

What  reasons  can  we  assign  for  this  enormous  multiplication 
of  similarly  constructed  parts?    What  advantage  follows  from 
this  arrangement?    If  the  view  of  the  nature  of  the  compound 
eye  which  is  put  forward  in  the  preceding  pages  be  a  true  one, 
Miiller's  celebrated  theory  of  mosaic  vision  is  the  only  one  that  can 
account  for  the  enormous  multiplication  of  the  similarly  formed 
pits  in  the  skin.     The  subject  has  been  so  fully  discussed  by 
Lubbock  that  I  need  not  enter  into  details  here.    "According  to 
his  (Johannes  Miiller's)  view,  those  rays  of  light  only  which  pass 
directly  through  the  crystalline  cones,  or  are  reflected  from  their 
sides,  reach  the  corresponding  nerve  fibre.     The  others  fall  on 
and  are  absorbed  by  the  pigment  which  separates  the  diflFerent 
facets.     Hence  each  cone  receives  light  only  from  a  very  small 
portion  of  the  field  of  vision,  and  the  rays  so  received  are  collected 
into  one  spot  of  light.     The  larger  and  more  convex^  therefore^ 
is  the  eye^  the  wider  will  be  its  field  of  vision  ;  while  the  smaller 
and  more  numerotis  are  .the  facets^  the  more  distinct  will  the 
vision  he.     In  fact,  the  picture  perceived  by  the  insects  will  be 
mosaic,  in  which  the  number  of  points  will  correspond  with  the 
number  of  facets."^    The  whole  explanation  of  the  problem  seems 
to  me  to  be  contained  in  the  passage  above  cited ;  and  no  further 
comment  will   be   necessary  more   than  a  statement   that   the 
increase  in  the  number  of  ommatidia  is  a  decided  advantage 
to  their  possessor.     An  eye  like  that  of  Limuhis  might  by  a 
slight  change  be  converted  into  one  of  a  more  protuberant  nature 
so  as  to  command  a  wider  field  of  vision,  as  we  see  in  some 
species  of  Serolis  or  in  some  Trilobites;  a  slight  change  again 
might  produce  a  protuberant  ocular  area  mounted  on  an  ophthal- 
amic  stalk,  and  accompanied  by  the  accessory  apparatus  of  vision, 
such  as  the  socket  for  protection  or  the  set  of  muscles  to  move  the 
eye-stalk  in  different  directions  so  as  to  command  a  still  wider 
field  of  vision.     In   this  connection  I  may  refer  to  a  series  of 
diagrams  (Figs.  74-81,  PL  XXXV).   The  black  heavy  layer  repre- 

^  Lubbock :  Senses^  Inatinet  and  Inlelligeneef  p.  168. 
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sentB  the  ectoderm,  and  the  region  in  which  the  ectoderm  'is 
thrown  into  folds  the  area  of  the  compound  eye.  The  jellow 
colored  layer  outside  represents  the  chitin,  and  the  dotted  line 
beneath  the  ectoderm,  the  basement  membrane. 

In  Zimtdtcs  (Fig.  74)  the  ectoderm  is  thrown  into  a  series  of 
shallow  folds,  which,  when  viewed  from  above,  would  be  a  group 
of  shallow  pits  in  the  skin.  Each  pit  is  an  ommatidium.  In 
Serolis  (Fig.  75)  the  invagination  of  the  skin  is  a  little  deeper  than 
that  of  Limvlus,  and  the  whole  ocular  area  is  more  prominent 
Fig.  76  represents  the  condition  of  the  ectodermal  folding  in 
Notonectaj  and  Fig.  77  that  of  Agrion  larva.  Fig.  78  represents 
the  eye  of  BranchipuSj  only  a  part  of  the  stalk  being  shown  in 
the  figure.  Fig.  79  represents  the  eye  of  Cambarus ;  Fig.  80 
that  of  Penaeus^  and  Fig.  81  that  of  Lucifer, 

It  must  not  be  understood  that  the  number  of  folds  given  in 
the  diagrams  have  anything  to  do  with  the  actual  number  of 
ommatidia  that  may  exist  in  the  actual  specimens ;  no  more  than 
a  morphological  expression  of  the  eye  in  a  simplest  possible  form 
was  intended.  If  one  suppose  a  single  invagination  of  the  skin, 
say  of  Fig.  79,  be  divided  into  three  strata  and  the  cells  in  the 
bottom  stratum  to  send  out  nerve  fibres,  those  in  the  middle  to 
form  the  crystalline  cone  and  those  in  the  outermost  to  form  the 
cornea  (Fig.  71),  the  interpretation  of  the  diagram  will  be  com- 
plete. 

According  to  this  view  the  compound  eyes  of  Arthropods, 
either  in  the  sessile  or  in  the  stalked  form,  are  nothing  more  than 
a  collection  of  ectodermic  pits  whose  outer  open  ends  face  towards 
the  sources  of  light,  and  whose  inner  ends  are  connected  with 
the  central  nervous  system  by  the  optic  nerve  fibres.  The  cells 
forming  the  walls  of  the  pit  arrange  themselves  into  three  strata, 
in  most  cases  accompanied  by  three  regional  functional  differen- 
tiations. Grenadier's  classification  of  the  compound  eyes  of 
insects  into  " aeon e,"  "pseud ocone"  and  "eucone"  types  refers 
to  the  condition  of  the  cells  and  their  products  in  the  middle 
stratum — the  vitrellae. 

Morphologically,  then,  the  compound  eye  of  an  Arthropod  is 
strictly  single-layered,  although,  as  is  evident,  the  present  concep- 
tion is  entirely  different  from  the  monostichous  theory  main- 
tained by  some  recent  writers.     From  Limulus  to  SquiUa  we 
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have  a  series  of  forms  showing  all  degrees  of  modification  in  the 
general  structure  of  the  eye  as  well  as  the  structure  of  its  indi- 
vidual elements,  and  there  is  not  here  a  single  form  which  invali- 
dates the  view  maintained  in  the  present  paper.  Moreover,  this 
view  has  the  advantage  of  greatly  simplifying  our  conception  of 
these  structures,  reducing,  as  it  does,  all  of  them  to  one  primitive 
structure,  a  depression  in  the  skin,  in  which  several  organs  of 
ectodermal  nature,  often  of  a  very  complicated  type,  find  their 
common  morphological  origin.  And  when  thus  the  nature  of 
the  unit  is  reduced  into  a  simple  invagination  of  the  skin,  the 
formation  of  the  compound  eye  appears  to  be  but  another 
instance  of  the  well  known  method  in  the  formation  of  a  mor- 
phological organ,  namely,  the  vegetative  repetition  of  a  similar 
structure. 

V. — SUMMABT. 

In  studying  the  structure  of  the  ommatidinm  of  the  compound 
eye  of  Serolis  it  has  been  found  that  it  may  be  reduced  to  a 
simple  ectodermic  invagination  of  the  skin.  Extending  my 
researches  over  several  other  Arthropods,  of  which  TalorcJiestia^ 
Cambarus^  Homarus^  and  Callinectes  were  mentioned  in  the 
preceding  pages,  the  same  interpretation  of  the  ommatidium 
may  be  applied  without  exception.  This  view  of  the  omma- 
tidium finds  its  strongest  support  in  the  fact  that  in  Limulus^ 
the  ommatidium  is  an  open  pit  of  the  skin. 

By  supposing  that  the  ommatidial  pit  of  Lirmdus  became 
deeper  and  that  this  was  accompanied  by  modifications  in  the 
structure  and  arrangement  of  the  component  cells,  we  can  show 
the  probability  of  our  first  supposition  that  the  ommatidium  of 
the  compound  eye  of  an  Arthropod  is  an  independent  invagina- 
tion of  the  skin.  If  this  view  is  correct,  the  unit  of  the  compound 
eye  of  an  Arthropod  is  not,  after  all,  so  complex  a  structure  as 
has  been  supposed  by  some ;  and  the  enormous  increase  in  the 
number  of  ommatidia  in  a  given  area  of  the  skin  which  results 
in  the  formation  of  the  compound  eye  finds  its  parallel  in  the  well 
known  method  of  the  formation  of  morphological  organs,  viz.  the 
duplication  of  a  simple  unit. 

BiXTiMOSB,  April  80, 1889. 
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VI. — Appendix. 
The  Compound  Eye  of  Echinoderms. 

While  the  preceding  paper  on  the  compound  eye  of  Arthro- 
pods was  passing  through  the  press  I  improved  my  oppor- 
tunity to  study  the  compound  eye  of  Echinoderms  at  Woods 
Holl,  during  the  months  of  June  and  July,  1889,  to  see  how  far 
the  morphological  interpretation  advanced  for  the  former  will 
hold  to  the  latter. 

The  three  starfishes  common  at  Woods  HoU,  viz.  Aeterias 
vulgaris^  Stimp.,  Asterias  foriesiij  Verril,  and  CriheJla  sanffui- 
nolenia^  Lutken,  were  studied  in  this  connection.  While  I 
reserve  the  description  of  the  details  for  a  future  paper,  I  will 
briefly  point  out  some  important  bearings  of  the  results  upon 
the  subject  which  has  been  discussed  in  the  preceding  pages. 

The  general  structnre  of  the  compound  eye  of  the  starfish  at  the 
tip  of  each  ray  is  well  known  through  the  writings  of  Hseckel, 
Wilson,  Hofimann,  Lange,  Greeff,  Hamann,  Carri^re,  and  some 
others,  although  there  exist  some  discrepancies  in  regard  to  the 
histological  features  of  the  organ  as  described  by  these  natura- 
lists. 

The  most  remarkable  observation  on  the  eye  of  the  Echiuo- 
derm  among  the  early  writers  is  that  of  Goodsir,  who,  according 
to  Forbes,^  is  said  to  have  examined  the  eye  of  Cribella  oculata 
and  remarked  of  its  structure  that  it  consisted  ^'of  a  red  cushion 
with  pits  on  its  surface?'^  My  studies  on  the  compound  eyes  of  the 
starfishes  convinced  me  of  the  truth  of  Goodsir's  statement,  and 
the  eye  of  a  starfish  is  nothing  more  than  a  group  of  ectodermal 
conical  pits  with  their  bases  turned  towards  the  exterior.  The 
epithelial  cells  which  form  the  walls  of  the  conical  pit  have  each 
a  cuticular  rod  secreted  at  the  tip  of  its  distal  extremity. 

These  cells  send  out  nerve  fibres  from  their  proximal  extrem- 
ities. In  the  centre  of  the  pit  along  the  longitudinal  axis 
of  the  invagination  there  is  a  space  filled  with  a  clear  fluid  sub- 
stance. The  cuticular  secretions  of  the  retinal  cells,  as  well  as 
the  colorless  fluid  substance,  constitute  together  a  translucent 

1  £.  Forbes :  A  History  of  British  StarJUJiea,  and  other  Animals  of  the  class 
Echinodermata,    London,  1841,  p.  102. 
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refractive  body  in  the  centre  of  each  pit  or  the  ommatidium, 
which  has  been  described  by  several  as  the  "crystalline  cone"  in 
the  starfish  eye.  The  whole  surface  of  the  eye-bulb  is  covered  by  a 
thin  cuticle  which  is  secreted  by  the  cells  whose  distal  extremi- 
ties lie  on  the  general  level  of  the  external  surface  of  the  optic 
bulb.  In  short,  this  external  cuticular  covering  of  the  eye  in  a 
starfish  corresponds  to  the  cornea^  and  the  cuticular  secretions  at 
the  distal  extremities  of  the  retinal  cells  forming  the  walls  of  the 
pit,  correspond  to  the  crystalline  cone  and  the  rhahdom  of  the 
compound  eye  of  an  Arthropod.  The  colorless  fluid  substance 
contained  in  the  axial  space  of  the  invagination  in  the  starfish 
may  be  compared  to  the  similar  substance  in  the  crystalline  cone 
of  the  ommatidium  of  Serolis.  The  number  of  ommatidia  in  the 
starfish  increases  at  the  periphery  of  the  optic  tract  as  in  an 
Arthropod.  The  spaces  between  the  adjacent  ommatidial  invagi- 
nations are  occupied  by  the  supporting  epithelial  cells.  The 
optic  nerve  fibres  pass  into  the  deepest  stratum  of  the  epithelial 
layer,  and  running  horizontally,  join  the  main  branch  of  the 
ventral  nerve  cord  of  the  ray. 

On  the  whole,  the  entire  morphological  arrangement  of  the 
parts  in  the  compound  eye  of  an  Echinoderm  is  strikingly 
similar  to  that  of  an  Arthropod,  and  the  formation  of  the  visual 
organ  in  the  Echinoderms,  at  least  in  one  of  the  large  sub-groups, 
the  AateridcB^  by  a  series  of  ectodermic  invaginations,«assumes  a 
wider  significance  when  we  take  into  consideration  the  fact  that 
the  compound  eye  of  the  Arthropods  has  a  similar  mode  of 
origin,  although  it  is  an  independent  adaptation. 

In  the  anatomical  consideration  of  the  Echinoderm  eye  I  have 
made  no  allusion  to  the  so-called  "  eye-spot "  on  the  ocular  plate 
of  the  sea-urchin.  In  regard  to  the  function  of  this  structure  we 
are  by  no  means  certain  that  it  is  visual  in  nature  as  it  is  usually 
assumed.  Valentin  failed  to  discover  any  trace  of  dioptric  appa- 
ratus in  it.  More  recently  Fredericq^  could  not  find  any 
evidence,  anatomically  and  experimentally,  that  the  structure  in 
question  is  an  eye.  "Za  tdche  dejpiginent  qv^on  y  deorit  est  une 
pure  fiction.'^'* 

'Fredericq,  L6on:  Contributiona  d  Vitude  de8  Echinides.  Archives  des 
Zoologie  Bxperi.  et  Gener.,  Tome  5,  1876,  p.  484. 
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Hamann,^  who  studied  this  structure  in  Echinus,  declares  that 
the  so-called  "  eye-spot "  in  the  sea-urchin  bears  a  close  resem- 
blance to  the  terminal  feeler  at  the  tip  of  arm  of  a  starfish,  with 
which  he  thinks  it  is  homologous  and  not  with  the  eye.  He 
therefore  substitutes  the  term  " intergenital  plate"  for  the 
"ocular  plate"  upon  which  this  problematical  organ  rests. 

Even  if  this  organ  be  shown  to  have  some  connection  with  the 
visual  function,  as  Bomanes  and  Ewart^  claim  on  the  ground 
of  their  experiments,  it  is  safe  to  say  that  it  belongs  to  a 
different  category  of  visual  organ,  as  Hamann's  histological  study 
clearly  shows,  and  has  nothing  to  do  with  the  subject  under  our 
consideration,  viz.  the  morphology  of  the  compound  eye  of  the 
Echinoderm  and  the  Arthropod. 

Entirely  apart  from  the  preceding,  but  which  may  be  mentioned 
in  this  connection,  is  the  Sarasins'  discovery*  of  the  compound  eyes 
in  a  sea-urchin  {Diadema)  from  Ceylon.  Of  their  visual  nature 
there  can  be  no  doubt,  as  their  experiments  on  the  living  animals 
as  well  as  the  anatomical  structure  of  the  eyelet  show. 

The  eyelet  of  the  compound  eye  in  Diadema  is  very  muoh 
more  complex  than  that  of  the  starfishes  I  have  examined.  I 
cannot  help  but  believe  that  a  study  of  development  of  such  an 
interesting  form  as  Diadema^  as  well  as  a  more  extensive  study 
of  the  eye  in  different  genera  and  species  of  Echinoderms,  will 
throw  a  gseat  deal  of  light  on  the  morphology  of  the  compound 
eye  in  general. 

In  my  main  paper  on  the  subject  I  hope  to  describe  in  detail 
the  structure  and  development  of  the  compound  eye  of  the  star- 
fish that  I  have  studied,  and  also  to  give  an  account  of  the 
growth  of  our  knowledge  of  the  visual  organ  of  the  Echinoderms, 
both  anatomical  and  experimental,  from  Tiedman  and  Ehrenberg 
down  to  the  present  day. 

'HamaDn,  Otto:  Beitrdge  tur  Mistologie  der  I^ehinodermen.  Jenaisohe 
Zeitschrift  fiir  Naturwissensohaft,  Bd.  21,  1887,  pp.  124-126. 

*  Romanes,  J.  G.,  and  Ewart,  J.  G. :  Observations  on  the  Locomotor  System  of 
Echinodermata,  Philosophical  Tranfiactions,  Royal  Society,  London.  Pt.  Ill, 
1881,  pp.  856-856. 

'  Sarasin,  P.  B.  and  C.  F. :  Ueher  einen  mit  Zueammengeeetzlen  Augen  bedeekten 
SeeigeL  Zoologischer  Anzeiger,  8  Jahrg.  No.  211, 1885.  Their  nuiin  paper  I 
have  not  seen. 
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VII.— Explanation  of  Piguebs. 

lAst  of  Reference  Letters. 

Ap,  Appendage. 

Ax.  p.  Axial  process  of  the  ganglion  cell. 

B.  M,  Basement  membrane. 

O.  Corneal  lens. 

c.  Cornea  or  corneal  facet 

c.  c.  Crystalline  cone. 

Gh.  Chitin. 

e.g.  Corneagen. 

d.f.  Dorsal  fold. 

D.  0.  Dorsal  organ. 

E.  Eye  (compound). 
Ed.  Ectoderm. 
Ent.  Entosternite. 
Ep.  Epithelial  cell. 
F.y.  Food-yolk. 

Q.  Ganglion  cell. 
H.  Hyaline  cell. 
L.  Lens-cone. 
Me.  Mesoderm. 
N.  Nucleus. 
Oc.  Ocellus. 
Orru  Ommatidium. 
Op.  n.  Optic  nerve  fibre. 
p.  c.  Packing  cell. 
p.  n.  Perineural  cell. 
Pg.  c.  Pigment  cell. 
Pg.p.  Pigment  patch. 
Rb.  Shabdomere. 
Rt  Setinula. 
Tr.fb.  Transverse  striae. 

F.  Vitrella. 

F.  O.  Ventral  nerve  chain. 
v.f.  Ventral  fold. 

X.  Axial  space  or  line  of  the  ommatidium,  corresponding  to  the 
cavity  of  the  invagination. 
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Plats  XXIX. — SeroKs,  Tdlorchsstiay  CambaruSf  OaUinectes  and 

Limulus, 

Pig.  1. — SeroKs.  Two  ommatidia  of  Serolis;  the  one  on  the  left 
with  the  pigment  cells  enveloping  the  crystalline  cone.  The  down- 
ward extensions  of  the  rhabdomeres  reach  to  the  retinal  side  of  the 
basement  membrane.    }  (E  X  2)  Zeiss. 

Fig.  la, — SeroKs.    Diagram  of  the  Ommatidium — 
a.  Corneagen.  1.  Cornea. 

J.  Vitrella.  2.  Crystalline  cone. 

c.  Retinula.  3.  Bhabdomere. 

d.  Hyaline  cell.  Pg.  c.  Pigment  cell. 

Pig.  lb, — Serolis.    Plan  of  the  Ommatidium — 

1.  Hyaline  cell  (d).  4.  Corneagen  (a). 

2.  Betinula  (c).  6,  Pigment  cell  {^pg,  c), 

3.  Vitrella  (J). 

Pig.  2. — Morphological  diagram  of  the  ommatidium  of  Serolis — 
a,  Corneagen.  1.  Cornea. 

J.  Vitrella.  2.  Crystalline  cone. 

c.  Betinula.  3.  Bhabdomere. 

d.  Hyaline  cell. 

Pig.  3. — Talorchsstia,  Ommatidium  of  Talorchestia. — 22^,  upward 
extension  of  the  retinula  Et;  this  upward  extension  sometimes 
reaches  as  far  as  the  cornea,  p,  c.  Narrow,  non-pigmented  packing 
cells.    J(DX4)Z. 

Pig.  3a. — Talorchestia,    Plan  of  the  Ommatidia. 

Pig.  4.  Cambarus,  Three  ommatidia  shown  side  by  side.  In  c 
the  pigment  cells  (pg.c)  completely  envelop  the  crystalline  cone. 
z  is  the  morphological  lumen  of  the  invagination.  Ep  is  the  epi- 
thelial cell  charged  with  light  yellow  pigment  granules.  }  (D  X  2)  Z. 

Pig.  5.  Callinectes.  Two  ommatidia  shown  side  by  side.  Bhab- 
domere (Kb)  shows  a  fine  striation.  At  the  swollen  end  of  the 
retinula  (Rt)  yellow  or  brown  colored  globules  are  found. 

Pig.  ha, — Callinectes,  Head  of  the  retinulae  more  highly  mag- 
nifiedy  and  the  rhabdomeres  show  slight  enlargement  at  the  terminal 
portion. 

Pig.  6. — Limulus,  Two  ommatidia  shown  side  by  side,  partly 
schematic.  The  thick  yellow-colored  body  is  the  chitinous  covering 
of  the  eye.  L.  lens-cone,  fitting  into  the  depression  of  the  skin.  At 
the  bottom  of  the  depression,  the  essential  part  of  the  ommatidium 
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is  found,  consisting  of  two  parts,  Rt  (retinulae)  and  0  (central  gang- 
lion cell).  Cells  forming  the  walls  of  the  pit  are  the  perineural 
cells  (p.n).  Inward  prolongations  of  the  neuro-epithelial  cells 
{Rt  and  (?)  form  the  optic  fibres  (Op.  n).    Ms,  Mesodermic  tissue. 

Pig.  6a. — Limulus.  Transverse  sections  of  five  ommatidia  at 
different  levels.  In  (a)  the  plane  of  section  passes  through  the 
upper  part  of  the  depression,  cutting  the  lens-cone  (Z) ;  in  (b)  the 
section  plane  passes  through  the  retinulae,  showing  the  star-shaped 
rhabdom  and  the  axial  process  of  the  ganglion  cell  (Ax,p)  in  the 
axial  canal  of  the  rhabdom.  A  few  pigmented  perineural  cells  sur- 
round the  retinulae,  while  the  basement  membrane  (B.M)  forms 
the  complete  capsule  of  the  ommatidium,  separating  the  latter  from 
the  mesodermic  tissue  (Ms).  In  (c)  the  plane  of  section  passes 
through  the  lower  part  of  the  ommatidium,  cutting  the  central 
ganglion  cell  ((?);  in  (d)  the  ganglion  cell  occupies  an  eccentric 
position ;  in  (e)  the  sections  of  optic  nerve  fibres  alone  are  seen. 

Fig.  l.—Limuius,  Plan  of  the  ommatidiuuL  Ep  represent  the 
cells  which  are  found  in  the  walls  of  the  pit;  the  yellow  edge 
corresponds  to  the  surface  where  the  chitin  is  secreted. 

Plate  XXX. — lAmulus. 

Pig.  10.  Betinula  (^Rt)  and  ganglion  cell  (0^  teased  out  from 
the  ommatidium  after  treatment  with  Halter's  fluid  15  hours.  The 
axial  process  (Ax.p)  of  the  ganglion  cell  closely  follows  the  external 
border  of  the  rhabdomere  (Rb),  A  number  of  epithelial  cells  are 
found  closely  attached  to  the  surface  of  the  retinula  as  well  as  to  the 
ganglion  cell.    *  (E*X  2)  Z. 

Pig.  11.  A  bunch  of  retinulae  completely  isolated  from  the 
ommatidium.  Pigmented  epithelial  cells  (Ep)  are  found  between 
them.  The  proximal  ends  of  retinulae  form  the  optic  nerve  fibres 
(Op.n).    i(Ex2)Z. 

Pig.  12.  A  retinula  cell  seen  from  the  side  opposite  to  the  rhabdo- 
mere. A  number  of  extremely  attenuated  epithelial  cells  (Ep)  are 
found  closely  clinging  to  the  external  surface  of  the  cell.  They  do 
not  form  any  connection  with  the  retinula,  and  can  be  completely 
isolated  from  it.  The  cell-body  of  such  an  elongated  epithelium  is 
reduced  to  a  very  slender  filament  and  does  not  contain  any  pigment 
granules.    *  (E  X  2)  Z. 

Pig.  13.  The  central  ganglion  cell  with  its  axial  process  (Ax.p) 
completely  isolated.    The  pigment  patch  (Pg.p),  situated  between 
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the  nucleus  (^Jf)  and  the  optic  nerve  fibre  (Op.  n\  shows  a  charac- 
teristic mark  of  the  cell.  A  zone  arouod  the  nucleus  (Jff)  shows 
concentric  markings.  Longitudinal  striae  run  through  the  axial 
process  and  the  optic  nerve;  (Ep)  an  attenuated  epithelial  cell. 

»(EX2)Z. 

Fig.  14.  Another  type  of  the  central  ganglion  cell.  Pigment 
patch  is  greatly  extended ;  nucleus  (iV)  is  eccentric;  (Ep)  attenuated 
epithelial  cells.    *  (E  X  2)  Z. 

Fia.  15.  The  central  ganglion  cell,  with  its  axial  process  (Ax.  p) 
divided  into  several  branches,  by  some  mechanical  causes.  All  these 
branches  are  longitudinally  striated  like  the  main  one  and  would 
seem  to  be  made  up  of  a  collection  of  extremely  fine  longitudinal 
fibrils.  Two  pieces  of  chitinous  body  (SJ)  are  found  at  the  junction 
of  the  axial  process  and  the  cell-body  proper  of  the  ganglion  cell. 
They  appear  to  be  fragments  of  the  rhabdomeres.    I  (E  X  2)  Z. 

The  specimens  figured  in  Figs.  10-14  were  treated  with  Halkr's 
macerating  fiuid ;  that  shown  in  Fig.  15  was  treated  with  sulphuric 
acid,  8  drops  to  30  grams  of  water. 

Fig.  16.  Epithelial  cells  isolated  from  the  margin  of  the  omma- 
tidial  depression.  The  part  in  which  there  is  no  pigment  is  turned 
outward  and  comes  in  direct  apposition  to  the  chitin. 

Plate  XXXI. — Limulusy  Homarus^  CambaruSj  Squilla,  CallinecteSf 

SeroUs. 

Figs.  17-33. — Limulus.  This  series  of  specimens  is  intended  to 
show  the  range  of  modification  of  the  epithelial  cells  found  in  the 
ommatidium  and  its  direct  neighborhood. 

Fig.  17.  Central  ganglion  cell  with  several  attenuated,  non- 
pigmented  epithelial  cells.    }  (E  X  2)  Z. 

Fig.  18.  Betinula  cell  with  a  few  pigmented  epithelial  cells  at  its 
side.     *  (E  X  2)  Z. 

Figs.  19-33.  Ordinary  epithelial  cells  isolated  from  the  omma- 
tidial  region.    *  (E  X  2)  Z. 

Fig.  34. — Homarus,  Eetinulae  partly  isolated.  Each  retinula 
secretes  a  chitinous  body  which  assumes  a  serrated  appearance 
(/?J).  This  is  the  rhabdomere;  when  the  bundle  is  brought  together 
it  assumes  a  spindle  shape.  The  upper  part  of  each  retinula  cell  is 
free  from  pigment,  and  is  connected  with  the  pigmented  portion  by 
a  long,  slender  neck.  The  nucleus  of  the  retinula  is  situated  at  the 
non-pigmented,  distal  extremity.    J  (D  X  2)  Z. 
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Fig.  35. — Cambarus,  The  retinula  completely  isolated.  The 
rfaabdomere  shows  a  coarse  wavy  outline.    J  (D  X  2)  Z. 

Fig.  36. — Squilla^  partly  diagramatic. 

Fig.  37. — CalUnedes,  partly  diagramatic. 

Fig.  38. — SeroliSy  partly  diagramatic. 

The  last  three  figures  are  introduced  here  so  as  to  show  the 
homology  of  the  retinula  cells  in  different  groups  of  Arthropods. 

All  the  specimens  figured  in  this  plate  were  treated  and  macerated 
in  Haller's  fluid. 

Plate  XXXII. — Limulus. 

Fig.  39.  Young  embryo  of  Limulus.  D.  0,  "  Dorsal  organ  '*; 
»  shows  the  position  where  the  compound  eye  makes  its  appearance. 

Fig.  40.  Larval  Limulus  in  the  so-called  "trilobite  stage";  imme- 
diately after  hatching.  D.  0.  "  Dorsal  organ  ";  E.  Compound  eye ; 
Oc.  Ocelli. 

Fig.  41.  Young  Limulus  at  the  first  stage  in  the  acquisition  of  the 
external  Limuloid  characters.  The  whole  body  is  transparent  and 
the  dendritic  ramifications  of  the  "  liver  "  shining  through  the  trans- 
parent tissues  of  the  body.  The  "dorsal  organ"  has  completely 
disappeared  in  this  stage.    E,  the  compound  eye ;  and  Oc,  Ocelli. 

Fig.  42.  Transverse  section  of  a  young  larva,  showing  the  origin 
of  the  compound  eye  {E)y  the  formation  of  the  dorsal  and  ventral 
folds  of  invagination  (rf./  and  v./),  and  the  "dorsal  organ  "  D.  0. 
5(AX2)Z. 

Fig.  43.  Transverse  section  of  the  compound  eye,  showing  the 
formation  of  the  optic  nerve  fibres  by  the  migration  of  the  ectodermal 
cells.    *  (D  X  4)  Z. 

Fig.  44.  Outline  of  the  thickening  of  the  nerve  plexus  beneath 
the  ommatidial  layer,    i  (E  X  2)  Z. 

Fig.  46.  The  same.    I  (D  X  4)  Z. 

Both  are  drawn  from  the  gold-chloride  preparations. 

Fig.  46.  Ganglionic  swelling  found  in  the  optic  nerve  fibres  of  the 
median  eye.    f  (4  X  D)  Z. 

Plate  XXXIII. — Limvlus, 

Fig.  45er.  Longitudinal  section  of  the  eye,  showing  the  formation 
of  the  optic  nerve  fibres  {Op.  n). 

Fig.  46a.  Oblique  longitudinal  section  of  the  eye,  showing  the 
formation  of  the  optic  nerve  fibres  (jOp.  n). 
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Figs.  47-56.  Gonsecntiye  series  of  transyerse  sections  of  the  com- 
pound eye  of  Limulus  at  the  beginning  of  the  lateral  invagina- 
tions. Fig.  47,  No.  1;  Fig.  48,  No.  3 ;  (the  section  No.  2  is  essentially 
the  same  as  No.  3).  Fig.  49,  No.  4;  Fig.  60,  No.  5;  Fig.  51,  No.  6; 
Fig.  62,  No.  7;  Fig.  63,  No.  8;  Fig.  54,  No.  9;  Fig.  66,  No.  10; 
Fig.  56,  No.  11.  The  lateral  invaginations  become  distinctly  marked 
at  Fig.  49,  No.  4,  and  fuse  in  the  median  line  at  Fig.  54,  No.  9, 
forming  the  median  fold  (fn.f). 

Plate  XKXVT.'-LimuluB. 

Fios.  67-64  show  the  condition  of  the  lateral  and  median 
invaginations  of  the  compound  eye  in  the  stage  shown  in  Fig.  41, 
PL  XXXIl. 

Fig.  57.  In  this  the  plane  of  section  passes  through  the  anterior 
part  of  the  eye,  and  the  dorsal  invagination  (d./)  of  the  compound 
eye  is  distinctly  shown.  The  skin  is  thrown  into  folds;  into  the 
concave  lumen  of  the  fold  a  slightly  thickened  portion  of  the  cuticle 
fits,  forming  the  rudiment  of  the  lens-cone  ((7);  and  the  cells 
forming  the  walls  of  the  invaginated  fold  form  the  beginning  of  the 
ommatidium. 

Fig.  58  shows  the  widest  portion  of  the  eye  in  this  stage;  the 
beginning  of  the  ventral  invagination  (v./)  is  distinctly  recognizable. 
The  dorsal  fold  {d,f)  is  very  large.  Four  distinct  ommatidia  are 
formed  in  this  section,  each  depression  being  accompanied  by  a 
slight  thickening  of  the  corresponding  portion  of  the  cuticle  ((7). 
The  basement  membrane  is  very  distinctly  seen  underneath  the 
ocular  area  and  beneath  the  general  ectoderm  cells  which  lie  out- 
side of  the  ocular  area.  The  action  of  acid  to  which  the  sections 
were  subjected  in  order  to  remove  the  pigment  granules  has  inter- 
fered with  the  preservation  of  the  ectodermal  cells  in  those  regions, 
although  the  thick,  refractive  basement  membrane  remains  quite 
distinctly. 

Figs.  59,  60  and  61  show  how  the  lateral  invaginations  are  gradu- 
ally approaching  as  we  go  towards  the  posterior  part  of  the  eye. 
In  Fig.  62  the  dorsal  and  ventral  folds  (rf./  and  v.f)  meet  in  the 
median  line,  and  in  Fig.  63  they  form  a  complete  tube,  the  granular, 
non-pigmented  layer  coming  to  the  outside  and  the  pigmented  cell 
layer  (jP^.  6*)  occupying  the  deeper  part  of  the  tube.  The  basement 
membrane  (if.  i/)  forms  a  complete  capsule  around  the  tube.  The 
basement  membrane  which  underlies  the  general  ectoderm  comes  to 
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the  outside  of  the  median  fold  O^f).  OountiDg  from  the  outside 
we  meet  with  three  ooiisecutiye  strata  of  basement  membrane  in  this 
region  of  the  eye. 

Fig.  64.  In  this  we  come  nearly  to  the  posterior  extremity  of  the 
median  fold  (m.f).  The  ipedian  fold  is  further  from  the  surface 
basement  membrane  than  in  Fig.  63. 

Plate  XXXV. 

Fios.  65-69.  Diagrams  showing  the  probable  evolution  of  the 
three-layered  ommatidium  from  the  single-layered  surface  depres- 
sion in  the  skin,  by  the  gradual  subsidence  of  the  neuro-epithelial 
elements,  Rt  and  &,  Fig.  65.  In  Fig.  66  the  ommatidium  of 
Idmulus  is  represented,  which  is  considered  a  step  further  advanced 
from  the  condition  shown  in  Fig.  65.  The  distal  end  of  the 
retinula  (i20  instead  of  being  pointed  toward  the  exterior  as  in 
Fig.  65,  in  Limulus  it  points  towards  the  median  axis  of  the 
ommatidium.  The  chitinous  substance  being  still  secreted  on  the 
outside,  a  distinct  body  of  chitin  beneath  the  lens-cone  (C7)  is 
formed,  the  rhabdom  (Rb).  In  Fig.  67  this  deepening  is  supposed 
to  have  gone  still  further,  resulting  in  the  formation  of  another  inde- 
pendent chitinous  body,  the  crystalline  cone  (C7.c).  In  Fig.  68  this 
deepening  is  considered  to  have  advanced  still  further,  the  crystalline 
cone  (C.  c)  being  entirely  separated  from  the  corneal  lens  ((7)  by  a 
distinct  stratum  of  cell,  the  corneagen  (eg).  In  Fig.  69  an  omma- 
tidium with  three  strata  of  cells,  each  secreting  chitinous  substance 
on  the  part  of  their  surface,  is  formed.  These  three  strata  of  cells 
are  known  as  the  corneagen  (eg),  the  vitrella  (F),  and  the  retinula 
(^Rt).  Three  chitinous  bodies  secreted  by  each  group  of  cells  above 
mentioned  are  the  cornea  ((7),  the  crystalline  cone  (c.c)y  and  the 
rhabdomere  (Rb)^  respectively. 

Fig.  70. — Serolis.  Diagram  of  the  ommatidium  of  Serolis.  Gen- 
eral arrangement  of  cells  in  this  is  not  very  different  from  that  shown 
in  Fig.  69.  The  place  of  ganglion  cell  in  Fig.  69,,  G,  is  taken  by  a 
pair  (of  which  only  one  is  shown  in  the  diagram)  of  transparent 
«  hyaline  cells ''  (iJ). 

Fig.  71. — Cambarus.  This  is  introduced  in  comparison  with  the 
hypothetical  ommatidia. 

Fig.  1%.'-Callinectes. 

Fig.  l^.'-Talorchestia. 

In  the  last  three  forms  no  element  corresponding  to  the  central 
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ganglion  cell  of  Limulus  nor  to  the  "hyaline  cell "  oi Serolis  can  be 
found.  The  sensory  element  of  the  ommatidinm  is  represented  by 
the  retinulae  (^Rt)  only. 

Pig.  74. — lAmulus.  Diagram  of  the  compound  eye  of  Limuh^ 
the  black,  heavy  line  representing  the  ectoderm  and  each  depression 
in  this  layer  corresponding  to  an  ommatidinm. 

Fig.  75. — Serolis.  In  the  same  way  as  the  above,  the  eye  of  Serolxi 
may  be  represented  by  a  series  of  folds. 

Fig.  '76.—Ifotonecta. 

Fig.  77.— Agrion  (Larva). 

Fig.  78. — BrancJiipus. 

Fig.  79. — Camharus, 

Fig.  so.— Penaeus. 

Fig.  SL— Lucifer. 


ON  THE  ANATOMY  AND  HI8TOLOOT  OP  CYM- 
BULIOPSIS  CALCEOLA.  By  J.  I.  PECK.  With 
Plates  XXXVI-XXXIX. 

The  specimens  upon  which  the  following  researches  were 
made  were  collected  in  the  Gulf  Stream,  off  Cape  Charles,  in 
October,  1888,  by  the  Fish  Commission  schooner  Grampus,  and 
my  thanks  are  due  to  the  U.  S.  Fish  Commissioner  Prof.  M. 
McDonald  for  affording  me  the  opportunity  to  make  the  expedi- 
tion, and  also  for  putting  the  vessel  and  her  erew  at  my  service 
during  the  cruise. 

It  is  the  purpose  of  the  present  paper  to  give  the  anatomy  of 
the  pteropod  Cyrribuliopsis  calceola^  as  obtained  from  a  study  of 
serial  sections  of  the  entire  animal ;  also  to  indicate  the  histolo- 
gical elements  of  some  of  the  principal  tissues  as  they  appear  in 
their  anatomical  connection.  The  molluscs  were  taken  at  the 
surface  of  a  moderately  rough  sea,  at  lat.  37®  11'  N.,  long.  74® 
15'  W.,  in  an  early  morning  at  the  beginning  of  October,  1888. 
The  specimens  were  killed  in  Perenyi's  fluid  and  hardened  in 
alcohol,  by  which  process  the  tissues  generally  were  well  pre- 
served, with  some  shrinking  of  the  delicate  connective  tissue 
network,  however,  in  the  process  of  imbedding.  A  successful 
double-staining  in  toto  was  realized  with  dilute  Kleinenberg's 
haematoxylin,  followed  by  borax  carmine. 

The  systematic  position  of  the  pteropod  has  been  given  by  the 
new  classification  of  the  family  Cymbuliidae  as  proposed  by 
Pelseneer,*  according  to  whom  the  new  genus  Cyrnhvliopais  is 
established,  to  include  two  species,  which  are  distinct  from 
Cymbulia  on  the  one  hand  in  having  no  "ventral  lobe  of  the 
foot,"  nor  "  lash-like  appendage  "  below  the  fin,  also  in  having 
the  flattened  proboscis  free  from  the  upper  surface  of  the  base  of 
the  fin,  and  differing  especially  in  the  shape  of  the  "  slipper  "  or 

^Re^Htrt  on  the  Pieropoda  collected  by  B.  M.  S.  Challenger  during  the  years 
1878-1876,  Part  LXV,  p.  96. 
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"shell,"  which  in  Cymbulia  is  pointed  at  the  aboral  end  and 
truncated  at  the  anterior  end,  with  long  pointed  tubercles  along 
the  margin.  The  genus  also  differs  on  the  other  hand  from 
Gleba  (Tiedmannia),  inasmuch  as  the  latter  has  a  "shell"  with  a 
much  more  widely  open  cavity.  The  true  shell,  with  operculum, 
of  these  forms,  however,  the  homologue  of  the  ordinary  molluscan 
structure,  only  exists  during  larval  stages,^  having  nothing  in 
common  with  this  secondary  thickening  of  the  mantle  of  the 
adult  Oymbuliidae.  I  have  therefore,  referring  to  its  present 
protective  nature  as  a  thick  leathery  armor  into  which  the  body 
of  the  animal  slips  as  a  helmet  encloses  the  head,  called  this 
later  structure  in  Cymbuliopsis— formed  within  the  mantle — 
the  casque^  distinguishing  it  from  the  true  shell  of  the  mollusc, 
which  was  doubtless  present  in  larval  life. 

The  general  form  of  the  pteropod  from  a  dorsal  view  is  shown 
in  PL  XXXVI,  Fig.  1,  and  that  of  the  casque  in  Fig.  2,  both 
drawn  from  a  specimen  in  alcohol,  in  which  the  casque  has 
slipped  out  of  the  mantle  in  which  it  was  secreted,  leaving  the 
frayed  portions  of  the  exterior  layer  of  the  same  still  hanging 
from  the  body  of  the  animal.  The  wide  flattened  proboscis,  je?, 
— the  head  region — is  in  contact  with,  yet  free  from,  the  upper 
surface  of  the  fin.  It  is  in  fact  in  this  case  asymmetrical  in  form ; 
a  result  perhaps  of  its  shrinking  in  alcohol.  Its  edges  are  rolled 
outward  to  form  a  ciliated  groove,  which  is,  no  doubt,  sensory 
in  function.  Directly  at  the  front  part  of  the  proboscis  is  the 
mouth,  a  large  distensible  opening  regulated  by  loose  lip-like 
folds.  The  position  of  the  rudimentary  tentacles — one  upon 
either  side  of  a  median  line  over  the  oesophagus — is  shown  at  ^, 
and  they  are  ordinarily  discernible  in  surface  views,  although 
they  are  not  shown  in  the  figure.  They  are  sometimes  wholly 
absent,  for  in  a  very  complete  series  of  sections  of  one  specimen 
they  do  not  appear,  while  in  another  series  they  are  well  defined 
through  at  least  ten  sections,  having  a  retractor  muscle  under- 
neath and  a  nerve  supply.  But  at  best  the  tentacles  are  mere 
knob-like  structures,  with  rudimentary  sensory  structure  at  their 
base,  however,  and  they  may  be  retracted  to  the  general  surface 
level  of  the  proboscis.     The  oesophagus  leads  backward  and 

^  See  Klctssen  und  Ordnungen  dea  ThierreicJis,  Bronn  and  Eeferstein — Mala- 
cozoa,  pp.  630-632. 
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downward  to  the  visceral  mass  or  nnclens,  seen  through  below 
and  displaced  to  the  left.  All  the  tissues  of  the  animal  are 
exceedingly  translucent,  so  that  the  coarse  of  the  oesophagus 
may  be  followed  from  surface  view.  In  perfect  specimens 
the  visceral  nucleus  is  still  enclosed  in  the  pallial  cavity  by 
the  internal  layer  of  the  mantle,  represented  in  the  figure  by 
a  circle  drawn  a  little  way  exterior  to  the  visceral  nucleus, 
but  this  latter  is  generally  more  or  less  torn  in  the  loss  of 
the  casque  at  the  capture  of  the  animal.  This  dark-brown 
rounded  "nucleus"  contains  the  digestive  and  reproductive 
organs,  and  on  its  dorsal  surface  the  heart  and  nephridium  are 
laid.  The  primitive  molluscan  foot  cannot  be  recognized  in  the 
adult  animal,  while  its  successor,  the  fin,  has  attained  very  large 
relative  proportions,  and  is  moved  by  muscles  which  are  laid 
in  regular  intercrossing  bands  a  little  beneath  the  epithe- 
lial surface  of  either  side,  both  dorsal  and  ventral  alike;  the 
thickness  of  the  fin  being  made  by  the  branching  network  of 
connective  tissue  cells  so  characteristic  of  molluscan  histology. 
The  structure  and  disposition  of  these  muscle  bands  has  been 
recently  described  for  other  pteropods  by  Paneth,^  and  in  com- 
parison with  the  heteropods  by  Kalide,^  but  without  especial 
reference  to  Cymbuliopsis.  In  the  latter  genus  there  are  three 
definite  layers  of  bands  controlling  the  fin.  Fig.  1,  i,  2  and  s. 
Of  these  the  most  exterior  bands  are  (1)  the  narrowest,  and  are 
distributed  nearly  parallel  to  each  other  over  the  whole  surface 
of  the  fin  in  an  antero-posterior  direction.  These  lie  directly 
upon  and  across  the  next  layer  beneath  them  (2),  which  is  made 
np  of  thicker  and  much  broader  bands  running  across  the  fin 
from  one  side  to  the  other  in  arcs  of  circles.  And  finally  the 
innermost  bundles  (3)  are  distributed  radially  from  beneath  the 
proboscis  in  such  a  way  that  the  two  lateral  portions  of  the  fin 
are  supplied  by  them,  a  few  bands  a  little  to  the  right  and  left  of 
the  median  line  in  front  of  the  proboscis  being  omitted.  All 
the  muscle  bands  as  they  near  the  edge  of  the  fin  become  small 
and  branch   out  to  anastomose  with  each  other.    .The  edge 

*  Beitrdge  zur  JSistologie  der  Pteropoden  und  Heteropoden,  Archiv  f iir  mik. 
Anat.,  Bd.  XXIV,  pp.  285,  262. 

^Beitrcig  zur  Kentniaa  der  Muahulatur  der  Heteropoden  und  Pteropoden, 
Zeit  fiir  Wias.  Zool.,  Bd.  XLVL 
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of  the  fin  also  contains  branched  connective  tissue  cells  and 
processes  passing  from  a  central  cell  nucleus  to  both  surfaces.  In 
the  general  interior  of  the  fin,  of  conrse,  is  the  network  of  con- 
nective tissue  cell  processes,  and  the  branching  nerve  trunks  and 
blood  lacunae.  The  mollusc  also  possesses  six  longitudinally 
laid  muscle  bands  on  the  dorsal  surface  of  the  proboscis.  The 
relations  of  the  parts  in  place  from  a  ventral  view  are  shown  in 
Fig.  3.  The  visceral  nucleus,  from  this  view  quite  surrounded 
by  the  pallial  cavity  Tc  (bounded  by  the  circumscribing  line  in 
the  diagram),  shows  at  its  aboral  end,  at  z^  a  peculiar  darkly 
pigmented  ring,  which  is  superficially  placed  and  presents  diflFer- 
ences  in  size  in  difierent  specimens ;  when  the  circamference  of 
the  ring  is  large  the  wall  is  low,  and  when  contracted  it  is  more 
prominent  and  stands  out  more  upon  the  visceral  mass.  This 
limiting  wall  is  made  up  of  the  characteristic  branched  cells, 
with  single  and  branched  muscle  fibres  (Fig.  27,  m)  cut  at 
different  angles,  and  it  carries  on  the  inside  a  layer  of  columnar 
cells  which  are  much  elongated  in  the  bend.  Pelseneer*  has 
also  mentioned  this  structure,  and  as  being  like  a  sucker  in 
form.  In  Fig.  27,  PI.  XXXIX,  is  represented  a  vertical  section 
through  one  side  of  the  ring  in  a  specimen  where  it  is  much 
contracted.  The  pigment  is  distributed  in  the  protoplasm  of  the 
columnar  cells,  whose  nuclei  are  also  a  dark  brown. 

The  pallial  cavity  of  Gymbuliopsis  is  on  the  ventral  side,  and 
is  made  by  the  large  fold  of  the  mantle  which  extends  from  the 
dorsal  part  of  the  animal  around  beneath  the  fin,  thickening 
between  its  two  epithelial  layers  into  the  hyaline  casque.  (This 
latter  appears  in  sections  to  be  deposited  in  irregular  layers,  as 
it  stains  with  difficulty  except  in  streaks,  and  shows  granules 
which  are  doubtless  deposits  of  inorganic  salts ;  it  does  not  con- 
tain cells.)  Part  of  the  inner  layer  of  the  mantle  is  specialized 
into  the  "  pallial  gland,"  or  "shield"  of  thecosomatous  pteropods. 
The  position  of  this — seen  through  from  the  exterior — is  shown 
in  Fig.  8,^.^.  It  is  almost  symmetrical  in  this  genus,  being 
twisted  somewhat  to  the  right,  but  the  asymmetry  is  not  marked, 
and  it  is  crossed  by  two  transverse  bands — an  anterior  small  one 
and  a  broader  posterior  one — somewhat  faintly  shown  in  the 
figure,  also  one  passing  along  the  edges  of  the  structure  a  part 

»  OhaUenger  R^porU,  Part  LXVI,  p.  27. 
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of  the  way.  Sections  through  this  "  shield  "  show  that  the  cells 
which  compose  the  different  areas  are  quite  different  in  their 
appearance.  Thus  in  PI.  XXXIX,  Fig.  26  shows  in  section 
the  long  club-shaped  cells  t,  which  cover  the  general  surface  of 
the  pallial  gland  on  the  side  toward  the  cavity,  and  stain  very 
deeply,  while  the  transverse  bands  are  made  up  of  the  cells  v^ 
which  stain  more  lightly,  and  are  regularly  arranged  so  as  to 
give  the  surface  an  undulatory  contour.  The  outer  portion  of 
these  closely  packed  cells  v  is  clear,  and  between  the  larger  cells, 
near  the  surface,  are  found  certain  smaller  nuclei  n.  The  transi- 
tion between  the  two  areas  is  very  abrupt,  and  the  function  of 
the  two,  whatever  it  may  be,  is  doubtless  as  distinct.  Behind 
the  pallial  gland,  which  thus  forms  a  widely  open  pocket,  the 
general  pallial  cavity  is  much  narrowed  down,  opening  into 
that  part  which  surrounds  the  visceral  mass  by  a  transverse 
crescentic  slit  (below  i.  Fig.  3 ; — at  y.  Fig.  4).  This  posterior 
part  of  the  cavity  contains  the  visceral  nucleus  suspended  in  it, 
but  it  is  asymmetrical  in  extent  on  account  of  the  presence  of 
the  large  nephridium,  which  extends  farther  down  upon  the  left 
side,  so  that  the  pallial  cavity  extends  farther  dorsalwards  on 
the  right  side  than  on  the  left,  while  behind  it  extends  quite  up 
on  to  the  dorsal  side  as  far  as  the  large  nephridium.  Thus  in 
Fig.  4  are  shown  the  relations  of  the  parts  in  diagram  from  the 
right  side;  m  the  mouth  at  the  proboscis,  t  the  rudimentary 
tentacles,  n  the  central  nerve  ganglia,  k  the  casque  contained  in 
the  mantle,  y  the  nephridium  with  the  heart  in  front  of  it,  y  the 
opening  from  the  larger  exterior  part  of  the  pallial  cavity  with 
its  pallial  gland  p.  g,  into  the  interior  part  of  the  same,  where 
open  the  anus  and  the  genital  ducts  ^tw.  The  external  features 
of  the  mollusc,  the  extent  of  the  mantle,  pallial  cavity  and 
shield,  the  position  of  the  visceral  organs,  the  fin  and  its  muscu- 
lature have  thus  been  indicated  in  PI.  XXXVI,  Figs.  1-4 ;  the 
structure  of  the  shield  and  dark  ring  or  sucker  in  PI.  XXXIX, 
Figs.  26  and  27. 

In  order  to  show  the  arrangement  of  the  organs  of  the  visceral 
mass  I  have  figured  on  PI.  XXXVII  (Figs.  8,  9  and  10)  three 
representative  cross-sections  at  different  points  through  the  body 
of  the  animal.  The  outlines  of  the  visceral  organs  were  made 
with  the  camera  lucida,  while  the  outer  epithelium  {k)  of  the 
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mantle  and  the  inner  layer  {^  of  the  same,  and  the  intervening 
thickening — the  casque — are  represented  diagramatically  in 
place.  Fig.  8  is  the  most  posterior  section,  the  pallial  cavity 
quite  surrounds  the  visceral  mass,  the  nephridium  n  is  just  cut 
on  the  dorsal  side  as  a  double  cavity  at  this  point.  The  intes- 
tine of  Cymbnliopsis,  after  leaving  the  stomach,  makes  a  single 
loop  around  the  visceral  nucleus  (Fig.  4,  i)  under  the  genital 
gland,  and  of>ens  a  little  to  the  right  of  the  median  line ;  and 
here,  in  Fig.  8,  is  cut  so  that  the  coil  is  just  disappearing  at  i  on 
the  left,  while  the  part  of  the  intestine  leading  directly  to  the 
anal  opening  is  cut  at  i  on  the  right.  The  beginning  of  the 
enlargement  of  the  stomach  8  is  on  the  dorsal  side,  and  opens 
widely  into  the  liver  Z,  the  opening  being  to  the  right  of  a  median 
line.  The  liver  I  is  quite  internal  then,  and  the  gland  is  made 
up  of  loose  lobules.  The  genital  gland  A  is  most  exterior,  and 
envelops  the  liver  and  intestine.  In  Fig.  9,  farther  forward, 
about  the  middle  of  the  visceral  nucleus,  the  nephridium  is  cut 
in  two  parts,  right  and  left,  r.  n  and  I.  n,  while  between  them 
appears  an  irregular  part  of  the  pericardial  cavity  j9.o,  in  which 
the  ventricle  would  appear  more  anteriorly.  This  section  passes 
about  through  the  centre  of  the  stomach  «,  with  the  five  thick- 
ened plates  upon  its  walls.  A  very  large  blood  sinus  ao  passes 
below  the  stomach  into  the  tissues  of  the  liver  Z,  which,  with  the 
genital  gland  A,  occupies  the  same  relative  position  as  in  the 
other  figure.  At  a  is  seen  the  terminal  portion  of  the  anal 
opening  into  the  pallial  cavity,  a  little  to  the  right  of  the  median 
line ;  although  in  surface  views  it  is  seen  to  be  directed  toward 
the  left,  yet  it  does  not  reach  the  median  vertical  line.  The 
pallial  cavity  itself  in  this,  as  in  the  following  sections,  is  seen 
to  extend  farther  dorsalwards  on  the  right  side  than  on  the  left. 
Fig.  10  is  taken  far  enough  forward  to  pass  through  the  ventricle 
r,  just  before  its  union  with  the  posterior  blood-vessel  ao; 
the  nephridium,  r,  n  and  2.  n,  has  almost  disappeared  on  either 
side,  while  the  pericardial  cavity  pc  is  becoming  more  apparent, 
and  would  steadily  increase  in  the  more  anterior  sections  of  the 
series  until  it  is  limited  by  the  general  connective-tissue  filled 
space  of  the  body  cavity.  The  stomach  %  is  cut  through  its 
anterior  end,  where  only  two  of  the  thickened  plates  are  devel- 
oped; the  liver  has  almost  disappeared,  and  the  genital  gland  A 
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is  divided  into  two  lateral  portions  by  the  ventral  pofiition  of  the 
accessory  glands  and  the  genital  dacts,  to  be  described  hereafter. 
In  following  serial  sections  farther  forward,  the  liver  and  the 
genitalia  run  out,  the  stomach  runs  into  the  oesophagus,  the  heart 
gives  off  the  large  aorta,  the  mantle  shows  the  specialized  pallial 
gland,  the  nerve  ganglia  appear  around  the  oesophagus,  and 
the  general  tissues  of  the  fin  and  proboscis  appear. 

The  Diqbsttvb  Obganb. 

The  general  position  of  these  has  already  been  described; 
beginning  with  a  large,  loose  mouth  at  the  proboscis,  from 
which  the  long  oesophagus  leads  backward  into  the  stomach,  the 
thickened  walls  of  which  bear  the  triturating  plates.  At  the 
eztren^e  posterior  end  of  the  stomach,  at  the  beginning  of  the 
intestine  occurs  the  wide  asymmetrical  opening  into  the  "  liver  " 
(Fig.  8),  while  the  intestine  itself  takes  one  bend  downward  and 
around  over  on  to  the  right  side  and  beneath,  where  it  opens 
nearly  upon  the  median  line,  although  plainly  to  the  right  of  it, 
which  is  contrary  to  the  position  described  for  the  other  Oymbu- 
liidae.  Its  latter  portion  is  directed  toward  the  left,  as  it  opens 
into  the  pallial  cavity.  Oymbnliopsis  has  no  buccal  armature  nor 
salivary  glands ;  the  oesophagus  is  lined  with  ciliated  epithelium 
which  is  raised  into  secreting  folds,  PI.  XXXVII,  Fig.  11,  the 
whole  being  contained  by  longitudinal  and  circular  muscles  m. 
In  the  stomach  these  folds  become  brown  pigmented  villi  (seen 
in  diagram  around  the  indde  of  the  cavity  «,  in  Figs.  8  and 
10)  without  cilia,  the  cells  of  which  are  thickly  distended  with 
drops  of  secretion,  their  outer  boundaries  being  blended  together, 
Fig.  12,  and  the  musculature  m  becoming  thicker.  Of  the  five 
thickenings  of  the  stomach  walls  usual  in  the  thecosomatous 
pteropods,  the  fifth,  or  smallest  plate,  is  in  this  genus  situated  on 
the  dorsal  side  between  the  pair  of  larger  dorsal  plates.  All  are 
included  in  the  section  from  which  Fig.  9,  PI.  XXXVII,  is 
taken.  Besides  these  five  constant  ones  there  are  several  other 
irregular  spur-like  plates  of  the  same  structure,  placed  sometimes 
in  the  spaces  between  the  larger  plates,  or  in  either  end  of  the 
stomach.  The  structure  of  these  thickenings  in  the  walls  of 
the  stomach  is  shown  in  Fig.  13,  Plate  XXXVIII,  the  section 
being  figured  from  near  the  edge  of  one  of  the  ventral  plates,  at 
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about  the  place  indicated  by  x  in  «  of  Fig.  9.  Most  exterior  are 
the  large  nucleated  fibres  of  the  circular  muscle  coat,  which 
control  the  movements  of  the  stomach ;  within  these  is  the  thick- 
ening which  carries  the  large  tooth-like  plate.  This  thickening 
is  merely  an  accumulation  of  the  "  gallertgewebe  "^  of  the 
mollusc,  as  is  shown  by  the  branched  cells,  laid  in  a  matrix 
which  is  clear ;  the  network  of  cell  processes  is  more  numerous 
than  is  indicated  in  the  drawing  (those  between  the  cubical 
epithelium  and  the  muscle  coat),  the  nuclei  of  which  exist  often 
in  pairs  and  sometimes  even  in  threes,  as  if  growth  were  taking 
place.  Placed  upon  this  connective  tissue  thickening  of  the 
wall  is  a  single  very  regular  layer  of  cubical  epithelium,  which 
secretes  toward  the  lumen  of  the  stomach  the  projecting  pyra- 
midal "  tooth."  These  latter  are  of  the  same  general  structure 
as  the  casque  secreted  by  the  mantle,  being  hyaline,  staining  with 
difficulty  in  streaks,  and  containing  a  granular  deposit.  In  Fig. 
18  the  circular  muscles,  the  connective  tissue  and  the  secretory 
epithelium  are  tinged  with  blue,  the  secretion  of  the  "  tooth  " 
at  that  point  being  represented  in  yellow.  These  plates  have 
been  regarded  as  triturating  structures  in  the  pteropods,  and  the 
"  stomach  "  has  been  called  a  "  crop,"  with  reason,  doubtless,  in 
this  case  where  there  is  no  radula  nor  jaws  at  the  mouth.  But 
the  lack  of  this  structure  (radula)  does  not  prevent  the  animal 
from  possessing  predatory  habits,  for  in  one  of  these  specimens 
an  adult  heteropod,  Firoloidea,  was  found,  having  been  taken  as 
food ;  but  the  stomach  is  usually  full  of  diatoms,  foramenifera, 
etc.,  of  many  kinds. 

The  digestive  gland,  the  ''  liver  "  of  the  mollusc,  constitutes  a 
large  part  of  the  visceral  nucleus.  Its  wide  asymmetrical  opening 
into  the  intestine  has  already  been  described  with  Fig.  8,  while 
the  character  of  the  cells  that  compose  it  is  illustrated  in  PL 
XXXIX,  Fig.  20.  These  are  the  kind  described  as  "  komer- 
zellen  "  by  Frenzel,'  and  in  Cymbuliopsis  they  are  characterized 
by  large  greenish-brown  masses  in  various  stages  of  perfection.  In 
some  cells  there  are  solid,  irregularly  spherical,  greenish  masses; 
in  other  cells  there  is  only  an  irregular  central  mass  in  a  vacuole- 

'  See  also  Paneth,  I,  c,  p.  255. 

'  Ueber  die  MitUidarmdr&se  der  Molltuken,  Archiv  fiir  mik.  Anat.,  Bd.  XXV, 
p.  52. 
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like  portion  of  the  cell,  Fig.  20,  y.  They  are  all,  doubtless,  steps 
in  the  same  process,  and  sometimes  the  whole  cell  is  tinged  with 
green  without  its  being  aggregated.  I  have  also  found  these 
masses  outside  the  cells  in  the  lumen  of  the  alveoli.  There  are  also 
clumps  of  very  large  opaque  granules  in  the  peripheral  portion 
of  very  many  of  the  cells.  There  are,  moreover,  rods  of  cells  at 
various  points  in  the  periphery  of  the  liver,  the  cells  of  which 
are  smaller  than,  and  very  different  from  the  glandular  portion  of 
the  gland,  and  in  the  centres  of  these  rods  there  are  small  trans- 
parent masses  of  crystals.  I  could  not  make  out  the  exact  form 
of  the  individual  crystals,  and  appearances  favor  the  assumption 
that  they  are  derived  from  the  salts  in  solution  in  the  blood  and 
tissues  of  the  animal,  and  that  the  rods  may  be  in  reality  short 
ducts  with  very  thick  walls,  but  I  cannot  describe  even  their 
general  direction.  The  blood  permeates  the  "  liver  "  very  plenti- 
fully, as  may  be  inferred  from  the  large  blood-vessel  which  sup- 
plies it,  Fig.  9,  do^  and  which  is  distributed  into  the  blood  spaces 
in  the  walls  of  the  basement  membrane  between  the  alveoli. 

In  the  centre  of  this  digestive  gland  are  large  irregular  spaces 
(PI.  XXXVII,  Figs.  8-10,  in  the  brownish  lobulated  mass  l)j 
into  which  food  products  from  the  stomach  may  pass  in  the 
process  of  digestion.  There  are  also  tracts  of  ciliated  liver  cells, 
situated  at  various  points  along  the  central  spaces ;  they  line  the 
passage  from  the  intestine  out  into  the  liver,  and  serve  doubtless 
for  transporting  food  particles,  etc.,  whenever  they  occur.  Thus 
in  Fig.  8  at  ^  is  seen  the  relative  position  of  one  of  the  ciliated 
pads,  while  the  cells  represented  in  Fig.  20  at  i  are  taken  from 
a  part  of  the  gland  which  projects  into  the  central  space ;  the 
cells  at  i  are  specialized  into  a  ciliated  tract,  unlike  the  ordinary 
cells  of  an  adjoining  fold  of  the  liver  at^.  The  "  liver  "  of  Oym- 
buliopsis,  therefore,  is  something  more  than  a  mere  secretory 
appendage,  and  comes  into  direct  contact  with  the  food  circulated 
within  it.  The  intestine  is  quite  thin-walled,  and  lined  with 
simple  short  columnar  ciliated  cells,  thrown  into  a  few  villi  in 
the  anterior  portion. 

Thb  Central  Nebvous  System. 

The  nerve  ganglia  of  Cymbuliopsis  conform  to  the  type  of  the 
Oymbuliidae  in  general,  as  it  has  been  described  in  detail  for 
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Cymbalia,^  with  some  additionB  to  the  descriptions  previonslj 
given.  The  general  position  of  the  ganglia  in  the  body  is  shown 
in  Fig.  4,  n.  They  are  very  closely  fused,  as  is  shown  from  ventral 
view  in  Fig.  5,  which  was  reconstructed  from  camera  drawings 
of  serial  sections.  The  cerebral  ganglia  r.  c  and  I.  o  (right  and 
left  cerebral)  lie  at  the  sides  of  the  oesophagus,  and  are  connected 
to  each  other  around  it  by  the  large  cerebral  commissure  co. 
On  the  extreme  dorsal  part  of  this  commissure,  i.  e,  in  the  true 
morphological  position  of  the  cerebral  ganglia,  there  are  some- 
times a  few  ganglion  cells  remaining,  but  without  giving  rise  to 
nerve  trunks.  From  the  cerebral  ganglia  two  pairs  of  nerves 
are  given  off  anteriorly  into  the  proboscis,  and  one  short  pair 
to  the  otocysts  below  them,  although  this  pair  is  much  hidden 
from  surface  views.  The  more  dorsal  pair  of  cerebral  nerves  Ci 
go  to  the  tentacles  and  supply  the  ganglionic  swelling  at  their 
base.  Their  other  pair  c^  go  to  the  proboscis,  supplying  the 
ciliated  lips. 

The  pedal  ganglia — connected  in  Oymbuliopsis,  as  in  Halo- 
psyche  and  the  gymnosomatous  pteropods,  by  a  second  delicate 
commissure  8 — give  off  three  pairs  of  nerve  trunks  Pi-pzy  which 
proceed  to  the  fin ;  p^  being  smaller  and  supplying  the  proboscis. 
There  is  also  a  very  delicate  nerve,  m,  given  off  from  the  posterior 
ventral  face  of  the  pedal  ganglion,  and  sinking  almost  directly 
to  the  ventral  surface  of  the  base  of  the  fin. 

The  nerves  which  pass  backward  into  the  body  are  derived  from 
the  visceral  and  buccal  ganglia.  Of  the  former  there  are  three 
ganglia,  giving  off  the  four  nerves  ^1-^4,  of  which  Vi  on  the  right 
side  soon  branches,  sending  one  branch  back  into  the  mantle 
above,  while  the  larger  branch  sinks  below  and  supplies  the  mantle 
beneath  the  fin,  and  on  this  side  carries  the  osphradium;  v^  is 
distributed  in  a  similar  way  upon  the  left  side  of  the  animal, 
except  that  no  sense  organ  is  developed  on  the  lower  branch ;  v^ 
comes  soon  to  lie  close  to  the  oesophagus  with  the  nerves  from 
the  buccal  ganglia,  with  which  it  extends  into  the  visceral 
nucleus,  being  laid  in  the  right  dorsal  region  just  beneath  the 
nephridium  and  circulatory  organs.  The  large  left  branch  v^ 
bends  below,  and  I  have  traced  it  far  out  into  the  mantle,  along 

^  RecJherehes  sur   le   system  nerveux  des  Pieropodes,  par  Paul  Pelseneer, 
Archives  de  Biologie,  Tome  Vll,  fasicule  1,  p.  115. 
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the  edge  and  beneath  the  pallial  gland.  The  fased  bnccal 
ganglia  are  sitaated  in  front  of  the  pedal,  close  to  the  oeso- 
phagus. They  give  off  anteriorly  a  pair  of  slender  nerves  Jj  to 
the  oesophagus,  and  posteriorly  a  similar  pair,  ij,  that  run  close  to 
the  wall  of  the  stonoiach. 

On  PI.  XXXVIII,  Figs.  14-17,  are  figured  four  representa- 
tive cross-sections  through  the  central  ganglia  in  place.  Fig.  14 
is  the  most  posterior  section,  and  includes  the  ring  of  cerebral 
and  visceral  ganglia,  the  former  of  which  are  represented  as 
giving  oS  the  cerebral  commissure  cc^  above  the  oesophagus, 
with  the  dotted  lines;  which  commissure,  however,  has  been  cut 
in  the  preceding  sections  of  the  series.  The  cerebral  o,  pass  freely 
into  the  visceral  ganglia  r.v^  m.Vy  l.v,  and  they  into  each  other. 
Among  the  nerve  cells,  located  peripherally  in  the  ganglia,  there 
is  in  the  median  visceral  ganglion  m,  Vy  situated  upon  the  left 
side  at  ^,  a  very  large  bipolar  cell,  whose  processes  may  be  traced 
to  either  side  into  the  other  ganglia.  It  is  a  constant  feature  of 
all  the  specimens  examined  (four)  in  the  sections  through  the 
central  ganglia,  and  in  one  instance  had  a  diameter  of  120/£, 
while  the  greatest  diameter  of  the  whole  ganglion  was  226//. 
This  cell,  then,  may  be  taken  as  presenting  the  qualities  of  all 
the  cells  of  its  kind  in  the  periphery  of  the  ganglia.  In  Fig.  18 
I  have  endeavored  to  indicate  the  disposition  of  the  chromatin 
elements  in  the  large  irregular  nucleus,  which  has  perhaps  taken 
its  present  form  on  account  of  the  shrinkage  of  the  body  of  the 
cell,  and  this  is  the  case  with  many  of  the  larger  cells  in  section. 
One  of  the  two  or  three  protoplasmic  processes  j?  of  this  large 
cell  is  passed  through  in  this  section.  Fig.  15  is  taken  ten 
sections  forward.  Here  the  otocysts  o  are  cut  in  section,  and  the 
auditory  nerve  n  on  the  right  side,  the  fibres  leading  upward  to 
a  bunch  of  small  cells  of  the  cerebral  ganglion ;  the  plane  of 
section  being  a  little  oblique,  the  left  auditory  nerve  was  just 
previously  cut  in  the  series.  The  otocysts  in  these  specimens  of 
Cymbuliopsis  contained  no  traces  of  otoliths,  nor  was  the  internal 
epithelium  at  all  specialized  into  ciliated  sensory  cells,  but  this 
may  have  been  caused  by  the  action  of  acid  in  the  reagents. 
Although  the  otocysts  lie  upon  the  pedal  ganglia,  yet  they  are 
boand  to  the  visceral  ganglion  m.  v  by  two  strands  of  connective 
tissue  from  their  investment.     In  this  section  also  is  shown  the 
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origin  of  the  small  nerve  m,  whose  fibres  are  given  off  from  the 
large  cells  of  the  internal  posterior  face  of  the  pedal  ganglion  ; 
also  the  origin  of  the  cerebral  nerve  Ci  from  the  dorsal  side  of 
the  cerebral  ganglion  Z.  c — not  apparent  in  this  plane  through  r.  c. 
The  buccal  ganglia  h  in  the  median  line  just  below  the  oeso- 
phagus still  show  a  partial  segmentation. 

Fig.  16  is  four  sections  in  front  of  Fig.  15,  showing,  upon  the 
left  side,  part  of  the  commissure  ch  which  exists  between  the 
cerebral  ganglia  c  and  the  buccal  ganglia,  and  in  the  same 
section  the  point  at  which  a  similar  connection  is  to  be  estab- 
lished with  the  buccal  ganglia  from  the  right  side  opposite ;  and 
also  the  origin  of  the  pair  of  buccal  nerves  h^  which  pass  forward 
from  the  buccal  ganglia,  close  to  the  oesophagus ;  also  a  part  of 
the  elongated  origin  of  the  pair  c^.  The  whole  of  the  central 
nervous  system,  including  the  large  nerve  trunks,  is  sheathed 
in  a  thin  connective  tissue  envelope,  the  small  cell-nuclei  of 
which  are  very  numerous.  Some  of  this  investment  cut  tan- 
gently  from  the  surface  of  the  pedal  ganglia  is  shown  in  Fig. 
16,  g]  it  is  likewise  seen  in  all  the  sections  as  a  limiting  mem- 
brane of  the  ganglia. 

The  pedal  ganglia  alone  exist  in  the  section  from  which  Fig. 
17  is  taken,  the  fibres  pass  from  one  freely  into  the  other  and 
out  into  the  large  trunks  of  the  pedal  nerves,  the  origin  of  ^i  and 
Pi  being  shown  upon  the  left.  The  nerves  from  the  cerebral  and 
buccal  ganglia  are  seen  above  in  section,  as  they  pass  forward 
into  the  proboscis. 

The  osphradium — Spengel's  olfactory  organ — of  Cymbuliopsis 
is  quite  large  and  long,  extending  on  the  right  side  of  the  mantle 
as  it  narrows  to  form  the  opening  into  the  inner  part  of  the 
pallial  cavity.  It  is  composed  of  ciliated  epithelium  with  gang- 
lion cells  beneath,  from  which  fibres  of  the  nerve  pass.  Fig.  19 
shows  the  arrangement  of  the  epithelium  in  two  patches,  a  con- 
dition which  obtains  for  some  distance.  There  is  also  a  ciliated 
pad  of  cells.  Fig.  19,  a,  within  the  pallial  cavity  upon  the  visceral 
mass,  of  which  mention  will  be  made  hereafter ;  but  other  than 
these  and  the  tentacles,  the  edge  of  the  fin  and  proboscis  also 
serve  as  sensory  organs,  partly  as  organs  of  special  sense,  no 
doubt. 
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The  Rbproduotive  Oboans. 

The  position  of  the  generative  gland  has  already  been  shown 
in  Figs.  8-10,  A.  It  is  distributed  over  the  visceral  nucleus  as  a 
uniform  external  layer;  is  divided  up  into  large  follicles  by  a  very 
thin  limiting  membrane,  brown  pigmented  in  general,  of  which 
the  internal  layer — toward  the  liver — is  more  or  less  free  from 
the  general  tissues  of  the  gland,  so  as  to  form  loose  spaces  in  which 
the  genital  products  may  be  carried  toward  the  efferent  duct 
and  hence  to  the  exterior. 

In  the  specimens  of  this  pteropod  examined,  the  hermaphro- 
ditic gland  was  in  the  state  of  female  activity ;  that  is  to  say, 
the  male  elements  had  been  matured  and  shed,  while  the  fol- 
lowing development  of  ova  was  in  process.  And  so  there  were 
no  primitive  germ  cells  developing  into  spermatozoa  on  the 
internal  side  of  the  gland,  while  the  outer  portion  of  it  is  filled 
with  ova  in  all  stages  of  maturity.  The  changes  which  take 
place  in  the  growth  of  the  ovum  from  the  primitive  germ  cell 
are  shown  in  the  reproductive  follicles  figured  in  PI.  XXXIX, 
Figs.  22  and  23.  The  germinal  cells  destined  to  become  ova 
enlarge — some  more  rapidly  than  others,  as  is  shown  in  the 
follicle  a.  Fig.  22,  and  these  latter  are  to  complete  their  develop- 
ment while  the  other  cells  contribute  only  indirectly  to  the  pro- 
duction of  ripe  ova  by  furnishing  food  material  for  the  more 
vigorous  neighboring  cells.  These  latter  cells,  therefore,  increase 
in  size  at  the  expense  of  the  others,  and  so  gradually  take  on  the 
characters  of  the  ripe  ovum  in  their  growth.  Thus  in  the  fol- 
licle h  are  seen  two  young  ova  surrounded  by  a  layer  of  the  other 
germinal  or  follicular  cells ;  the  nucleus  or  germinal  vesicle  is 
very  large  and  clear,  except  for  chromatin  elements  scattered 
about,  and  in  the  ovum  upon  the  left  of  the  follicle  h  the  nucle- 
olus, or  germinal  spot,  is  cut  in  section,  the  body  of  the  ovum 
being  granular  protoplasmic  material.  In  the  follicle  c  a  still 
older  stage  is  shown,  the  ovum  being  farther  advanced,  and 
evidently  using  the  large  irregular  cells  which  it  adjoins,  while 
the  rest  of  the  follicle  is  occupied  by  another  ovum  which  only 
partially  appears  in  this  particular  section. 

In  the  further  growth  of  the  ovum,  food-material  is  deposited 
in  the  protoplasm  in  the  form  of  large  yolk  spheres,  which  have 
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characteristic  forms  and  markings  for  different  thecosomatoas 
pteropods.^  The  markings  npon  the  yolk  spheres  of  Cymbuli- 
opsis  give  them  the  appearance  of  minute  dense  cells  wth  a 
nucleus,  but  thickened  on  one  border.  In  follicle  d^  Fig.  23,  the 
protoplasm  of  the  largest  ovum  is  being  furnished  upon  its  upper 
border  with  the  first  of  these  yolk  masses.  From  the  beginning 
these  latter  are  perfectly  distinguishable  by  the  manner  in  which 
they  take  the  staining  used,  i.  e.  they  remain  untouched  by  the 
haematoxylin  and  only  take  the  bright  carmine  color.  Finally, 
in  follicle  e  the  ovum  has  acquired  all  the  characters  of  ripeness, 
and  in  this  particular  section  appears  the  large  nucleus,  with  the 
nucleolus  k^  and  a  great  abundance  of  nutritive  material  stored 
up  as  yolk-spheres  y.  After  completing  its  growth  to  this  stage 
it  is  loosened  from  the  follicle  and  is  ready  for  fertilization. 

The  genital  ducts  and  the  accessory  glands  are  diagramati- 
cally  represented  in  PI.  XXXVI,  Fig.  6.  The  common  genital 
duct  d  is  quite  short,  leading  from  behind  down  and  around  to 
open  upward  into  the  uterine  portion  of  the  duct  u^  which  itself 
leads  backward  on  one  side,  into  which  the  seminal  receptacle  r.  s. 
opens,  and  downward  to  the  exterior  on  the  other  side  at  A. 
The  two  accessory  glands — displaced  a  little  downwards  and  to 
the  left  in  the  diagram — open  very  widely  into  the  terminal 
portion  of  the  duct.  The  albumeniparous  gland  is  the  smaller 
and  exterior,  the  muciparous  is  the  larger  and  interior,  both 
being  thrown  into  loose  folds.  The  relative  position  of  these 
organs  in  the  visceral  nucleus  is  shown  in  Fig.  4  at  w^  also 
in  the  section  Fig.  10,  the  duct  and  opening  being  on  the  right 
of  a  median  line,  the  accessory  glands  occupying  nearly  a  median 
position  in  the  body.  In  the  specimen  here  figured  the  seminal 
receptacle  r.  a.  is  filled  with  spermatozoa,  and  a  portion  of  the 
duct  which  connects  it  with  the  duct  to  the  exterior  {e)  is  cut  aty 
(although  it  of  course  soon  runs  out  in  the  following  sections). 
The  walls  of  this  uterine  portion  are  much  folded,  brown  pig- 
mented and  ciliated,  with  a  few  spermatozoa  visible  in  its  upper 
portion.  The  genital  duct  d — ^i,  leading  from  the  hermaphrodite 
gland  to  the  uterus,  is  cut  twice  in  this  section ;  farther  on  in  the 
series  they  unite  with  each  other.     Although  in  this  mollusc 

^See  Fol,  Sur  le  developpement  des  Pteropodea,  Archives  de  zoologie  ezp.  et 
gen.,  TomelV,  p.  106. 


GYMBULI0PSI8  CALCEOLA.  349 

there  is  but  one  genital  duct  common  to  both  sexual  elements, 
yet  this  is  specialized  into  two  portions,  as  seen  in  Fig.  24,  one 
portion  of  a  section  across  the  duct  being  lined  with  larger 
ciliated  cells  than  the  other  portion ;  a  condition  which  may  be 
analogous  to  that  of  those  gasteropods  where  one  part  of  the 
^'oviduct"  is  specialized  into  the  seminal  groove.  The  duct 
becomes  larger  at  its  lower  portion,  as  seen  in  Fig.  25,  where  a 
few  yolk  spheres/*,  with  the  round  marking,  are  included  from  a 
passing  egg. 

The  folds  of  the  muciparous  gland  m  are  much  longer  than 
those  of  the  albumeniparous  gland  a.  The  structure  of  these  is 
further  represented  in  PI.  XXXIX,  Fig.  21,  which  shows  that  the 
cells  of  the  one  gland — the  muciparous — are  larger  and  clearer 
than  those  of  the  other,  both  kinds  being  very  regularly  arranged 
upon  a  thin  basement  membrane  with  its  occasional  nuclei.  In 
addition  to  the  regular  basal  row  of  nuclei  of  the  gland  cells 
there  is  another  incomplete  row  of  smaller  nuclei  n,  near,  the 
lumen  of  the  gland  fold,  which  appear  to  belong  to  small  cells 
wedged  in  between  the  upper  portions  of  the  large  gland  cells ; 
in  some  parts  of  the  glands  these  nuclei  are  much  more  numerous 
than  in  the  figure.  It  was  also  shown  that  analogous  small  nuclei 
existed  in  the  pallial  gland  cells.  I  do  not  know  their  meaning. 
Cilia  are  also  present  in  some  parts  at  least  of  the  glands. 

Kot  only  is  the  generative  gland,  in  all  these  specimens,  in  a 
state  of  female  activity,  but  I  have  been  quite  unable  to  find  any 
penis  to  indicate  that  they  ever  function  as  males,  or  at  least  so 
as  to  effect  a  copulation  among  themselves.  In  the  case  here 
described  and  figured  the  seminal  receptacle  is  filled  with  sperm- 
atozoa (in  other  instances  it  was  empty)  and  ova  are  passing 
through  the  genital  duct,  but  it  is  not  probable  that  both  the 
sexual  elements  were  derived  from  the  same  individual  gland, 
and  a  penis  therefore  probably  exists  in  some  other  individuals 
functioning  as  males.  This  organ  is  described  for  the  other 
Oymbuliidae  as  a  protrusible  tube  lying  upon  the  dorsal  side  of 
the  animal,  with  its  exterior  opening  a  greater  or  less  distance 
behind  the  tentacles ;  and  connected  with  the  external  opening 
of  the  genital  glands  by  a  ciliated  groove  for  the  conveyance 
of  the  male  element.  There  is  indeed  in  Cymbuliopsis  a  narrow 
band  of  ciliated  cells  (Fig.  19,  a)  leading  away  from  the  external 


360  J.  I.  PECK. 

opening  of  the  genital  organs,  but  it  becomes  less  and  less 
conspicnons  in  its  anterior  course  nntil  it  is  lost  near  the 
opening  into  the  inner  pallial  cavity;  but  it  does  not  lead  into 
any  groove  or  cavity,  nor  is  there  any  indication  of  its  relation 
to  any  penis,  nor  does  the  latter  appear  at  all  in  the  serial 
sections.  This  element  of  the  structnre  of  a  functionally  male 
pteropod  is  therefore  only  rudimentary,  and  it  is  possible  that 
the  germ  cells  never  produce  functional  spermatozoa,  but  always 
ova,  thus  effecting  a  true  separation  of  the  sexes  in  many  cases, 
at  least,  in  this  genus.  Or  perhaps  the  lack  of  a  penis  is  only 
another  one  of  the  peculiar  modifications  of  the  mollusc,  such 
as  the  want  of  a  buccal  armature,  or  the  occasional  lack  of 
tentacles. 

Thb  Nbphbidium  and  Hbabt. 

The  general  position  of  these  organs  in  the  body  has  already 
been  indicated  in  Fig.  4  at^;  their  relations  to  each  other  are 
shown  in  diagram  in  Fig.  7,  seen  from  the  dorsal  surface,  the 
anterior  direction  being  toward  the  bottom  of  the  page.  The 
nephridium  of  Cymbuliopsis  is  a  single  large  loose  sac  lying 
above  the  visceral  nucleus,  across  the  pallial  cavity,  and  bent  in 
a  horseshoe  shape  around  the  heart  and  pericardium  which  lie 
in  front  of  it.  Its  position  is  quite  superficial,  and  parts  of  its 
cavity  are  separated  from  the  visceral  mass.  It  is  also  asymmetri- 
cally disposed  (the  right  lobe  r,n  being  smaller  than  the  left 
I,  n)\  extending  farther  down  upon  the  left  side  of  the  body 
than  upon  the  right.  Fig.  9  r.  w,  I,  n,  and  extending  out  above 
the  pallial  cavity  upon  the  right  side,  while  the  pallial  cavity 
lies  above  it  upon  the  left.  Posteriorly  its  cavity  extends  out 
above  and  also  beneath  the  pallial  cavity,  so  it  is  cut  twice  in  the 
section  Fig.  8,  n.  It  communicates  upon  the  right  side  with  the 
pallial  cavity  by  a  large  ciliated  opening  o  surrounded  by  a 
muscle,  but  this  is  the  only  opening  that  appears  in  the  sections; 
and  a  second  communication — with  the  pericardium  as  is  the 
rule  in  the  MoUusca — has  doubtless  been  lost.  It  is  also  stated 
by  Bronn  and  Keferstein  that  this  opening  into  the  pericardium 
has  never  been  observed  in  Tiedmannia,  so  that  in  these  points 
also  these  two  genera  seem  to  be  similar. 

'  Klassen  und  Ordnungen  des  Thierreichs — MaUoozoa,  p.  609. 
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In  front  of  and  above  the  cavity  of  the  nephridinm,  lying 
between  its  two  large  horns,  is  the  pericardium,  within  which  is 
the  large  ventricle.  The  pericardium  begins  as  a  recess  lying 
above  the  nephridinm,  Fig.  9,j?c,  and  broadens  out  anteriorly.  It 
is  shut  off  from  the  other  parts  of  the  body  cavity  by  a  layer  of 
the  connective  tissue  network.  I  have  indicated  in '  diagram, 
Fig.  7,  the  position  of  the  two  large  blood-vessels  connecting 
with  the  ventricle,  and  have  called  the  anterior  one,  with  a 
spacious  sinus  just  in  front  of  the  ventricle,  the  auricle  t ;  the 
other  thicker-walled  vessel  ao  passing  backward  over  the  visceral 
nucleus  is  evidently  an  aorta  leading  from  the  ventricle  to  the 
liver  (in  section  Fig.  9,  ad)  and  the  other  organs  (Fig.  8,  ao).  The 
vessel  t  passes  far  forward  into  the  fin,  becoming  rather  smaller 
in  its  course  and  opening  out  into  a  very  loose  network  of  large 
lacunae  just  anterior  to  the  central  nerve  ganglia;  in  none 
of  all  the  tissues  indeed  do  the  characters  of  the  molluscan 
branched  connective  tissue  cells  appear  so  clearly  in  sections  as 
in  this  region  just  anterior  to  the  pedal  ganglia.  There  are  large 
loose  spaces  in  the  body  cavity  in  front  of  and  beneath  the  ven- 
tricle, and  I  had  expected  to  find  in  one  of  these  the  auricle  of 
the  circulatory  system  as  it  has  been  described  in  pteropod 
anatomy — L  e,  as  being  an  incompletely  closed  sinus  into  which 
the  blood  from  the  tissues  is  collected  and  from  which  it  passes 
into  the  ventricle;  but  the  sections  of  the  material  at  hand 
were  insufficient  to  warrant  such  conclusions.  Furthermore, 
these  spaces  before  mentioned  contain  certain  lateral  and  dorsal 
areas  of  closely  aggregated  cells  that  do  not  differ  much,  except 
in  greater  size  and  abundance,  from  the  other  cells  about  the 
visceral  organs,  but  which  present  a  peculiar  appearance  in  sec- 
tion through  their  mass.  Their  significance  I  cannot  determine 
by  a  study  of  this  form  alone. 

The  lack  of  material  is  my  only  plea  for  the  insufficient  way 
in  which  the  circulatory  system  of  Cy mbuliopsis  has  been  followed 
up,  and  for  the  incomplete  nature  of  the  sexual  differences.  But 
in  other  respects  it  is  hoped  that  the  general  pteropod  structures 
have  been  indicated;  and  this  genus  seems  to  be  generally  typical 
of  the  whole  family. 
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EXPLANATIOK  OF  PlaTES. 


Fia.  1.  Surface  yiew  of  Gymbaliopsis  from  dorsal  side;  p  pro- 
boscis, t  tentacles,  1 — 3  muscle  bands. 

Fig.  2.  Casque,  from  dorsal  position  when  in  place. 

Fig.  3.  piagram  of  the  parts  in  place,  from  ventral  view,  twice 
the  natural  size;  p,g  pallial  gland  with  the  bands  across  it^  Jc  the 
pallial  cavity  entered  by  a  narrowed  opening  behind  the  pallial  gland 
from  this  view,  z  the  dark  aboral  ring. 

Fig.  4.  Diagram  of  the  organs  in  place  in  optical  section  from  the 
right  side;  m  mouth,  t  tentacles,  n  central  nerve  ganglia,/  nephri- 
dium  with  heart  in  front  of  it,  k  casque  within  the  layers  of  the 
mantle,  {  intestine,  w  accessory  genital  glands,  y  opening  from  large 
to  the  interior  pallial  cavity,  jt?.^  pallial  gland. 

Fig.  5.  Central  nervous  system :  pr-pz  pedal  nerves,  Ci — c,  cerebral 
nerves,  hi — J,  buccal  nerves,  Vi — v^  visceral  nerves,  f7i  small  posterior 
pedal  nerve,  8  small  pedal  commissure,  o  otocysts,  r.  Cy  I,  c  right  and 
left  cerebral  ganglia,  cc  cerebral  commissure. 

Fig.  6.  Diagram  of  genital  duct  and  accessory  glands,  d  genital 
duct,  r.  s  seminal  receptacle,  u  uterine  portion  of  the  duct,  h  external 
opening. 

Fig.  7.  Diagram  of  nephridium  and  heart  from  dorsal  side; 
t  auricle,  v  ventricle,  pc  pericardium,  ao  aorta,  o  opening  into  pallial 
cavity,  r.  n,  h  n  right  and  left  lobes  of  nephridium. 

Fig.  8.  Section  across  the  more  posterior  part  of  the  visceral 
nucleus;  mantle  and  pallial  cavity  put  in  in  diagram;  k  external 
layer  of  mantle,  w  internal  layer  of  same,  lining  the  pallial  cavity,  s 
stomach,  i  intestine,  h  hermaphroditic  gland,  ao  aorta,  n  nephridium 
out  in  two  parts  at  this  point,  I  liver — the  letter  itself  being  placed 
in  one  of  the  spaces  of  the  same ;  y  one  of  the  ciliated  projections 
of  liver  cells. 

Fig.  9.  Section  through  about  the  middle  of  the  visceral  nucleus ; 
r.  n,  I  n  right  and  left  portions  of  the  nephridium,  pc  pericardium, 
a  anus,  other  letters  as  in  the  previous  figure. 

Fig.  10.  Section  across  a  more  anterior  portion  of  the  visceral 
nucleus;  v  ventricle,  m  folds  of  the  muciparous  gland,  a  of  the  albu- 
meniparous  gland,  ddi  genital  duct  cut  in  two  places,  r.  s  seminal 
receptacle, /fragment  of  uterus,  e  leading  to  the  external  opening, 
other  letters  as  before. 

Fig.  11.  Folds  of  lining  of  oesophagus;  m  muscle  fibres,  circular 
and  longitudinal. 

Fig.  12.  Villi  of  beginning  of  stomach ;  m  muscles. 
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Fig.  13.  Portion  of  a  thickened  part  of  stomach  wall^  with  secretion. 

Fig.  14.  Section  through  posterior  part  of  central  ganglia;  c  cere- 
bral ganglia,  r.  Vy  I,  v  right  and  left  yisceral,  m.  v  median  yisceral 
with  the  large  ganglion  cell  ky  bi  bnccal  nerves,  cc  cerebral  com- 
missure, oe  oesophagas  in  outline. 

Fig.  15.  Section  through  about  the  middle  of  the  central  ganglia; 
r.  c,  I.  c  right  and  left  cerebral  ganglia^  Ci  origin  of  the  pair  of  nerves 
Ciy  b  buccal  ganglia,  l.p  left  pedal  ganglion,  m.v  median  visceral, 
0  otocysts,  n  auditory  nerve. 

Fig.  16.  Section  taken  four  sections  anterior  to  that  of  the  last 
figure;  c  cerebral  ganglia,  r.jt?,  l.p  right  and  left  pedal,  c^  origin  of 
the  nerves  (\y  b^  origin  of  the  nerves  d,  from  buccal  ganglia,  cb  cere- 
brobuccal  connective,  g  connective  tissue  sheath  of  ganglia. 

Fig.  17.  Section  through  the  pedal  ganglia  (r./?,  l.p)  with  origin 
of  large  nerves  cut  upon  the  left  side,  c^c^  cerebral  nerves,  b^  buccal 
nerves. 

Fig.  18.  Large  ganglion  cell ;  p  protoplasmic  process. 

Fig.  19.  The  osphradium  with  nerve. 

Fig.  19a.  Ciliated  band  on  the  visceral  nucleus. 

Fig.  20.  "  Liver  "  cells ;  %  with  specialized  ciliated  cells,  y  ordinary 
secreting  cells,  with  various  cell  contents. 

Fig.  21.  Section  across  the  folds  of  the  accessory  genital  glands; 
m  muciparous,  a  albumeniparous  gland,  n  the  smaller  exterior 
nuclei. 

Fig.  22.  Growth  of  ovum ;  a,  5,  c  successive  stages  in  a  series  of 
follicles. 

Fig.  23.  d^e  older  stages  in  the  same  series,  y  yolk  spheres,  k 
nucleolus. 

Fig.  24.  Section  across  the  genital  duct;  large  muciparous  gland 
cells  in  outline. 

Fig.  25.  Through  lower  portion  of  the  genital  duct;  /yolk  spheres 
of  a  passing  egg. 

Fig.  26.  Section  in  pallial  gland ;  t  the  cells  of  the  dark  areas, 
V  those  of  the  lighter  transverse  bands,  n  small  exterior  nuclei. 

Fig.  27.  Vertical  section  through  one  rim  of  the  aboral  ring, 
m  muscle  fibres. 
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ON   THE  AMPHIBIAN   BLASTOPORE.     By  T.  H. 

MORGAN.    With  Plates  XL,  XLI,  XLIL 

An  examiDation  of  the  literature  of  the  embryology  of  Amphi- 
bia will  show  very  many  references  to  the  origin  and  "  fate  "  of 
the  blastopore.  Not  only  are  these  references  dae  to  the  import- 
ance of  the  chahges  which  the  blastopore  undergoes,  but  are  in 
many  cases  only  passing  notices  of  its  condition  as  seen  from 
surface  views  or  as  met  with  in  sections.  Out  of  all  this  work 
we  ought  by  this  time  to  have  arrived  at  some  definite  knowledge 
relative  to  the  changes  which  this  important  structure  undergoes, 
yet  such  is  by  no  means  the  case.  Some  of  the  most  recent 
papers  on  the  frog's  blastopore  have  only  led  to  confusion  and 
inexplicable  positions.  The  present  account  applies  to  three 
genera  of  Amphibia,  two  Anura  and  one  a  XJrodele,  viz.  Bufo 
lentiginosus,  Bana  halecina  and  Amblystoma  punctatum.  The 
research  was  done  under  the  direction  of  Prof.  W.  K.  Brooks,  to 
whom  I  am  greatly  indebted.  Much  of  the  work  was  at  first 
carried  on  with  Mr.  £.  0.  Applegarth,  for  whose  assistance  I 
desire  to  express  my  obligations. 

The  embryos  were  hardened  in  picro-sulphuric  acid  and  in 
Perenyi's  fluid.  In  nearly  all  cases  the  eggs  were  cut  without 
staining.  The  cell-boundaries  are  thus  very  distinctly  seen,  and 
it  appears  that  this  is  due  to  extremely  small  pigment  granules 
which  are  found  over  the  periphery  of  the  cells,  and  form  in 
sections  a  narrow  border  to  each  cell.  The  stippling  in  the 
figures  is  intended  to  indicate  these  pigment  granules.  Only  in 
exceptional  cases  can  the  nuclei  be  seen  without  using  staining 
reagents.  During  the  early  spring  of  1889  I  collected  for  a 
second  time  the  embryos  of  Amblystoma,  and  by  means  of  these 
I  have  again  gone  over  that  part  of  the  work  relating  to  Ambly- 
stoma. The  embryos  were  put  into  Perenyi's  fluid  for  an  hour, 
removed  to  50  per  cent  alcohol  and  diissected  under  a  dissecting 
microscope.  In  this  way  I  have  verified  and  added  to  the  results 
previously  obtained  by  surface  views  and  sections,  and  have 
interpolated  these  results  amongst  those  which  had  been  obtained 
during  the  winter. 
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Amblybtoma  punotatum. 

The  dark  cells  of  the  ectodenn  gradually  grow  over  and 
almost  enclose  the  endoderm,  which  is  then  seen  as  a  plug  circular 
in  outline,  surrounded  peripherally  by  the  ectoderm.  Yery  soon 
this  circular  blastopore  begins  to  elongate  (Fig.  A,  PI.  XLII), 
and  a  careful  examination  of  the  periphery  of  the  embryo  shows 
at  this  time  a  slight  indentation,  which  may  be  referred  to  a 
slight  surface  depression — the  primitive  groove.    (Fig.  A.) 

In  the  next  stage  (Fig.  B)  the  endodermal  plug  has  disap- 
peared within  the  blastopore,  and  the  blastoporeitself  has  become 
even  more  elongated ;  the  primitive  streak  is  quite  conspicuous, 
and  on  each  side  of  it  a  slight  elevation  of  the  ectoderm  indicates 
the  beginning  of  the  neural  folds. 

In  stage  C  (Fig.  0)  the  neural  folds  have  become  very  con- 
spicuous, the  primitive  streak  narrow  (not  shown  in  figure). 
On  each  side  of  the  blastopore  run  the  neural  folds  almost  to  its 
posterior  end.  , 

The  next  stage  is  shown  in  Fig.  D.  The  blastopore  is  pro- 
portionately smaller  than  in  the  earlier  stages.  As  seen  from 
without  it  has  assumed  in  Fig.  D  a  flask  shape,  with  the  anterior 
end  corresponding  to  the  base  of  the  flask.  From  this  stage  up 
to  and  including  the  next  (Fig.  E),  I  have  had  the  best  success 
from  dissected  and  teased  specimens. 

The  posterior  end  of  the  embryo,  including  the  blastopore,  was 
cut  off,  the  mass  of  endodermal  cells  were  removed  by  means  of 
teasing  needles  under  a  dissecting  microscope,  and  the  remaining 
portion  examined  both  from  without  and  from  within.  In  this 
way  my  results  have  been  more  definite  than  I  could  obtain 
either  from  external  views  or  serial  sections,  and  all  three 
methods  taken  together  have  given  very  conclusive  and  satisfac- 
tory results. 

To  return  to  stage  D.  Frequently  the  blastopore  is  flask- 
shaped,  yet  I  have  found  some  embryos  in  which  it  was  simply 
an  elongated  slit-like  opening.  If  an  embryo  at  this  stage  (D) 
has  its  upper  wall  cut  away  with  a  sharp  razor  just  above  the 
blastopore,  exposing  the  archenteron,  and  the  lower  half  be 
examined  with  a  hand  lens,  one  may  easily  make  out  the  condi- 
tions shown  in  Fig.  D'.  In  front  this  archenteron  dips  down  to 
form  a  large,  deep  cavity.    Behind  it  suddenly  narrows  from 
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before  backwards,  but  remains  wide  from  side  to  side,  and  con- 
tinues down  to  the  blastopore.  This  posterior  portion  of  the 
archenteron  is  as  seen  from  above  semilunar  in  shape,  the  result 
of  a  great  thickening  of  the  wall  of  the  embryo  in  the  middle 
posterior  line  around  the  blastopore. 

Passing  to  stage  E  we  find  that  the  medullary  folds  have  fased 
almost  completely,  the  only  opening  to  the  exterior  being  at 
the  anterior  end  of  the  tube,  which  is  shown  by  figure  E'.  This 
stage  is  by  all  odds  the  most  important  with  respect  to  the 
changes  of  the  blastopore.  For  this  reason  a  side  view  of  an 
embryo  of  this  age  is  given  in  Fig.  E'".  Surface  views  at  this 
time  show  the  posterior  end  of  the. blastopore  projecting  just 
beyond  the  enclosed  medullary  folds  as  a  small  opening.  Dissec- 
tions of  embryos,  aided  by  teasing,  have  here  given  the  most 
satisfactory  results.  If  the  posterior  end  of  the  embryo  be  cut 
off  as  before,  and  the  mass  of  endodermal  cells,  in  front  of  the 
posterior  down-growth  of  the  archenteron,  be  removed,  one  sees 
the  inner  opening  of  the  blastopore. 

Fig.  G'  is  a  view  of  the  inner  end  of  an  embryo  in  the  region 
of  the  blastopore  at  the  same  age  as  E.  The  elongated  slit-like 
opening  lies  surrounded  by  a  mass  which  projects  inward.  At 
one  point,  however — the  posterior — the  blastopore  projects 
beyond  this  thickening,  as  is  shown  in  the  fiigure.  The  shape  of 
the  blastopore  varies  in  different  individuals.  That  given  in  the 
figure  is  quite  common,  but  the  one  most  frequently  met  with  is 
a  dumb-bell-shaped  blastopore,  where  there  are  two  enlarged 
openings  at  the  ends  connected  by  a  narrower  slit-like  cavity. 
Turning  the  dissected  piece  over  and  slightly  stretching  with 
teasing  needles  the  walls  from  side  to  side,  it  is  easy  to  throw  a 
ray  of  light  from  the  mirror  of  the  microscope  through  the  poste- 
rior end  of  the  blastopore,  which  is  seen  as  a  small  hole  just 
beyond  the  fused  medullary  folds.  (Fig.  E.)  With  suflScient 
care  one  may  tease  apart  the  medullary  folds  at  their  posterior 
end,  exposing  the  neural  tube  and  blastopore.  This  is  shown  in 
Fig.  E",  in  which  the  medullary  folds  have  been  drawn  slightly 
apart  and  a  ray  of  light  thrown  up  through  the  blastopore.  The 
blastopore  is  seen  to  be  an  elongated  opening  which  stretches 
from  between  the  medullary  folds,  posteriorly  just  beyond  their 
limit.    See  Fig.  H  also. 
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Fig.  O  showB  this  for  another  mdividnal,  which  is  the  same 
from  which  G'  was  taken.  Almost  immediately  after  this  stage 
the  whole  of  the  blastopore  closes,  with  the  exception  of  its  pos- 
terior end,  which  is  seen  projecting  beyond  the  medullary  folds. 
At  the  same  time  the  Inmen  to  the  posterior  end  of  the  medul- 
lary folds  becomes  obliterated.  Just  at  the  stage  when  the 
blastopore  closed  I  have  dissected  off  the  posterior  end  of  the 
embryo  and  cut  serial  sections.  These  sections  show  the  method 
by  which  the  walls  of  the  blastopore  come  into  contact  and  fuse 
over  the  whole  of  its  anterior  area,  while  the  posterior  part  of 
its  opening  remains  as  the  anus  of  the  adult. 

In  stage  F  the  anal  end  of  the  blastopore  is  all  that  remains. 
Fig.  I  is  from  a  dissection  of  an  embryo  at  a  similar  stage.  The 
anus  next  shifts  to  the  under  and  posterior  side  of  the  embryo, 
as  shown  in  the  figures.  Serial  sections  of  embryos  earlier  than 
stage  £  add  little  to  what  may  be  gathered  from  surface  views. 
On  each  side  of  the  blastopore  the  walls  are  greatly  thickened,  as 
is  shown  in  Fig.  2,  PI.  XL,  which  is,  however,  from  an  embryo  at 
a  later  stage. 

A  series  of  longitudinal-horizontal  sections  of  stage  £,  which 
cut  the  blastopore  at  right  angles,  is  most  instructive.  Fig.  1, 
Fl.  XL,  is  a  section  just  anterior  to  the  blastopore  in  such  a 
plane.  The  neural  tube  is  shown  by  0^  and  the  medullary  folds 
have  just  come  in  contact  above  the  tube.  Under  the  neural 
tube  is  a  thick  floor,  below  this  a  layer  of  endoderm  cells,  then 
the  cavity  of  the  archenteron.  This  cavity  is  a  prolongation  of 
the  archenteron,  which  runs  downwards  and  backwards. 

In  the  next  section,  going  backwards  or  downwards  from  Fig. 
1,  the  neural  tube  is  seen  to  extend  inwards  towards  the  digestive 
tract.  This  is  even  more  marked  in  the  section  following,  where 
only  a  few  cells  separate  the  two  cavities. 

In  the  next  section,  Fig.  2,  the  two  cavities  are  directly  con- 
tinuous. This  condition  is  found  through  the  next  four  sections. 
Then  the  walls  of  the  neural  tube  come  together,  as  in  Fig.  3, 
leaving  the  narrow  archenteron  beneath. 

In  Fig.  3  the  walls  are  seen  not  actually  fused  but  only 
touching  above  the  archenteron.  Such  conditions  are  found 
through  the  next  fifteen  sections  (each  about  10  //.  thick),  when 
we  reach  Fig.  4.     In  this  the  archenteron  has  narrowed  very 
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much  from  side  to  &ide,  and  above  it  the  walls  of  folds  have 
somewhat  separated. 

Fig.  6  is  the  fourth  section  after  Fig.  4  showing  the  opening 
of  the  anus  to  the  exterior.  The  arrow  in  Fig.  7  indicates  the 
plane  in  which  these  sections  were  cut. 

Figs.  6  and  7  are  from  two  longitudinal-vertical  sections  of 
embryos, 'the  first  at  a  stage  between  D  and  E.  The  direction  of 
the  anterior  end  of  the  embryo  is  indicated  by  the  arrow  {An(). 
The  archenteron  is  indicated  by  2>,  and  from  it  a  prolongation 
of  its  cavity  runs  downwards  and  backwards  to  the  blastopore. 
In  Fig.  6  the  medullary  folds  have  just  met  above  the  blastopore, 
and  the  isolated  piece  Jf  is  a  section  through  the  outer  ends  of 
the  cells  which  have  touched  across  or  above  the  cavity  of  the 
blastopore.  By  this  arching  over  of  the  medullary  folds  a  neur- 
on teric  canal  is  formed  which  puts  the  cavities  of  the  medullary 
folds  and  the  digestive  tract  into  communication,  as  is  shown  at 
If.  Sections  to  the  right  and  left  (on  each  side)  of  this  show 
clearly  the  arching  over  medullary  folds  of  the  two  sides  whose 
point  of  contact  was  shown  in  Fig.  6,  and  the  two  sections 
immediately  to  the  right  and  left  show  very  distinctly  the  neuren- 
teric  canal.  Fig.  7  is  a  longitudinal-vertical  section  from  an 
embryo  a  little  older  than  the  last,  and  corresponds  approx- 
imately to  Fig.  E.  In  it  the  medullary  folds  have  fased  com- 
pletely over  the  blastopore.  The  neurenteric  oanal  is  shown 
by  N.  While  this  section  cuts  the  blastopore  approximately  in 
the  middle  line  it  does  not  cut  the  medullary  folds  quite  perpen- 
dicularly, but  the  thickness  of  one  section  to  the  right  or  left. 
This  gives  a  somewhat  exaggerated  idea  of  the  thickness  of  the 
fusion  of  the  medullary  folds,  but  shows  very  well  the  arching 
over  of  this  continuation  of  the  medullary  folds  to  form  through 
the  anterior  end  of  the  blastopore  a  neurenteric  canal.  The 
posterior  end  of  the  blastopore  opens  freely  to  the  exterior  at  A 
as  the  anus. 

The  neurenteric  canal  is  very  transitory,  and  consequently 
easily  overlodked.  I  have  cut  embryos  (in  several  planes)  older 
than  stage  E  to  see  if  it  were  possible  to  find  a  connection  between 
the  neural  tube  and  archenteron,  but  in  no  case  have  I  discovered 
any  connection  whatever.  The  cavity  of  the  nerve  chord — the 
neural  tube — ends  blindly  behind  in  all  these  later  stages,  and 
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although  the  cells  composing  the  nerve  chord  are  fairly  well 
shown  extending  far  behind  the  neural  tube,  I  have  not  been  able 
to  make  out  any  lumen  to  the  nerve  chord.  I  do  not  believe 
there  can  be  any  doubt  that  the  transitory  connection  between 
the  neural  tube  and  the  digestive  tract,  by  way  of  the  anterior 
end  of  the  blastopore,  represents  the  neurenteric  canal.  When 
one  sees  from  surface  views  (Fig.  H)  that  the  medullary  folds 
actually  close  over  the  anterior  end  of  the  blastopore,  and  when 
one  sees  further  that  the  anterior  end  is  considerably  enlarged 
and  rounded,  that  in  most  cases  the  middle  part  of  the  blasto- 
pore is  obliterated  by  the  fusion  of  its  walls,  that  all  these 
changes  seen  from  the  exterior  are  fully  verified  by  serial  sec- 
tions, I  see  no  ground  for  any  other  supposition  than  that  the 
anterior  portion  of  the  blastopore  becomes  the  neurenteric  ca/nal^ 
and  the  posterior  end  ih^  permanent  anus  of  the  adult, 

Rana  halecina. 

A  series  of  surfa<je  views  is  most  instructive.  The  medullary 
folds  are  from  the  beginning  quite  near  together  as  compared 
with  Amblystoma.  The  groove  in  between  the  folds  is  directly 
continuous  behind  into  the  blastopore.  The  medullary  folds 
approach  and  bring  about  the  conditions  seen  in  Figs.  J  and  X, 
PL  XLII.  In  this  the  groove  between  the  medullary  folds  is 
seen  to  continue  even  posterior  to  the  blastopore,  and  at  its  poste- 
rior end  there  is  seen  from  the  surface  a  dark  spot  which  careful 
focusing  of  the  microscope  will  show  to  be  a  slight  invagination. 
The  blastopore  also  appears  as  a  black  spot  just  anterior  to  the 
last.  And,  moreover,  the  posterior  dark  spot  is  seen  to  be  a  later 
formation  than  the  blastopore.  Connecting  these  two  "  spots " 
there  is  seen  a  broad  pigmented  groove. 

A  longitudinal-vertical  section  of  an  embryo  at  this  stage  is 
shown  by  Fig.  11,  PI.  XLI.  The  blastopore  is  seen  opening  to 
the  exterior  at  B, 

Beneath  the  blastopore  there  is  seen  in  this  vertical  section  a 
knob-like  prominence  projecting  upwards.  Thi^  knob  in  the 
sections  on  each  side  of  the  one  figured  is  seen  to  be  continuous 
vdth  the  general  walls  of  the  embryo,  and  is  thus  not  a  knob  at 
all  but  a  bridge  of  cells  running  beneath  the  blastopore.  Below 
this  there  is  an  invagination  from  without  inwards  at  J.,  and 
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there  is  farther  a  corresponding  invagination  of  the  archenteron 
from  within  outwards.  The  two  cavities  are  separated  by  only  a 
single  layer  of  ectoderm  cells.  It  is  also  worthy  of  note  that  in 
the  region  of  the  plug  or  band  the  surface  ectoderm  is  consider- 
ably below  the  general  ectodermal  surface  of  the  embryo. 

Figs.  8,  9,  10,  PI.  XL,  give  horizontal-longitudinal  sections 
through  an  embryo  at  the  same  stage  as  Fig.  11.  The  first  of 
these  (Fig.  8)  is  through  the  open  blastopore.  Beneath  the 
opening  of  the  blastopore  and  continuous  with  it  there  is  seen  the 
posterior  continuation  of  the  archenteron,  much  flattened  from 
behind  forwards,  but  very  wide  from  side  to  side.  Fig.  9  is  a 
section  behind  or  beneath  Fig.  8,  between  B  and  A  of  Fig.  11, 
and  cuts  the  plug  or  bridge  of  cells.  A  very  conspicuous  groove 
is  seen  on  the  outside  of  the  section.  This  groove  is  continuous 
with  the  medullary  groove  in  front  and  behind  into  the  deep 
groove  shown  in  the  next  Fig.  10,  which  is  a  horizontal  section 
of  the  same  series  through  A  of  Fig.  11.  In  this  section  (Fig.  10) 
the  external  groove  is  seen  to  be  separated  from  the  archenteron 
by  a  single  row  of  ectodermal  cells.  The  archenteron  is  still 
quite  wide  from  side  to  side,  and  somewhat  deeper  from'  before 
backwards  than  in  the  preceding  section.  Owing  to  the  fact 
that  this  anal  invagination  A  extends  downwards  as  well  as 
inwards,  as  may  be  seen  in  vertical  section  (Fig.  11),  the  sections 
following  Fig.  10  cut  the  continuation  of  the  groove  as  a  cavity 
lined  by  ectoderm  and  still  separated  by  a  single  row  of  cells 
from  the  archenteron. 

In  an  embryo  somewhat  older  than  the  last,  horizontal  sec- 
tions show  that  the  medullary  folds  of  Fig.  8  arch  over  the 
blastopore  and  enclose  it.  See  Fig.  13.  Thus  the  neural  tube 
which  is  also  formed  by  the  arching  medullary  folds  comes  to 
open  posteriorly  by  means  of  this  neurenteric  canal  into  the 
archenteron. 

Sections  in  the  same  series  as  Fig.  13  but  below  it  show  almost 
the  same  condition  as  we  have  seen  in  Figs.  9  and  10,  or,  in  other 
words,  immediately  after  the  closure  of  the  blastopore  the  arch- 
enteron does  not  communicate  for  a  time  with  the  exterior. 
Thus  without  doubt  we  may  interpret  the  two  dark  spots  seen 
on  the  surface  at  the  posterior  end  of  the  neural  canal  as  the 
blastopore  anteriorly  and  the  invagination  of  the  anus  behind. 
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In  Fig.  12  is  a  drawing  of  a  longitudinal-vertical  section 
through  the  posterior  end  of  an  embryo  which  is  somewhat  older 
than  any  of  the  foregoing  stages.  In  it  the  blastopore  is  com- 
pletely closed  over  and  forms  the  neurenteric  canal  N^  which 
still  communicates  with  the  neural  tube  above  and  the  archen- 
teron  beneath.  The  connection  with  the  neural  tube  is  only 
partially  shown  in  this  figure,  but  in  the  neighboring  sections  it 
is  clearly  seen.  Beneath  the  neurenteric  canal  the  endodermal 
cells  of  the  posterior  wall  project  somewhat  into  the  archenteron 
as  seen  in  the  iigures.  This  projection  plainly  corresponds  to  the 
plug  of  previous  sections.  Beneath  this  plug  (or  bridge)  the 
cavity  of  the  archenteron  projects  somewhat  outwards  just 
opposite  an  ingrowth  on  the  exterior,  and  the  two  cavities  are 
separated  by  a  single  row  of  much  pigmented  ectoderm  cells. 

The  last  change  which  takes  place  is  shown  in  Fig.  14,  in 
which  the  final  condition  has  been  practically  reached.  The 
anus  has  opened  at  An  to  the  exterior  so  that  the  archenteron 
once  more  communicates  behind  freely  with  the  exterior.  Above 
the  anus,  the  part  marked  P  in  the  preceding  figures  is  still  to 
be  seen.  The  neurenteric  canal  at  this  stage  has  completely 
closed. 

Between  embryos  of  the  stage  of  Fig.  12  and  Fig.  14  I  have 
several  intermediate  stages,  in  some  of  which  the  neurenteric 
canal  still  communicates  above  with  the  neural  tube,  and  in  some 
the  anus  is  seen  to  communicate  with  the  exterior,  so  that  Fig. 
13  does  not  represent  the  earliest  breaking  through  of  the  anus 
to  the  exterior,  but  a  little  later  stage. 

I  have  said  that  in  embryos  younger  than  any  here  figured  the 
downward  extension  of  the  archenteron  is  separated  at  its  lowest 
limit  from  the  ectoderm  by  several  rows  of  cells  (see  Fig.  15). 
Horizontal  sections  show  in  a  fairly  conclusive  way  how,  from  this 
condition,  the  later  condition  (with  a  single  cell  layer  separating 
the  archenteron  from  the  exterior)  is  brought  about.  It  seems 
that  the  cells  lying  between  the  ectoderm  without  and  the  endo- 
derm  within  gradually  draw  away  or  migrate  to  the  sides,  and  at 
this  same  time  the  outside  groove  deepens  and  the  archenteron 
extends  outward,  so  that  ectoderm  and  endoderm  come  nearer 
together.  Next  the  lower  layer  cells  of  the  ectoderm  begin  to 
pull  away  from  the  same  point,  and  then  the  endoderm  cells 
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show  a  similar  migration.  This  is  shows  in  Fig.  21  for  the  toad. 
I  have  no  direct  evidence  that  the  remaining  one  cell  layer  of 
epiblast  separates  in  a  similar  manner ;  yet  from  the  fact  that  the 
first  communication  of  the  archenteron  to  the  exterior  is  a  very 
narrow  opening  and  gradually  widens,  and  from  the  migration 
of  the  cells  which  were  just  beneath  the  ectoderm,  mesoderm, 
endoderm,  I  am  inclined  to  believe  that  the  archenteron  is  put 
into  communication  with  the  exterior  by  the  migration  of  the 
remaining  epiblast  cells  away  from  a  central  point. 

Bufo  lenUgino9U8. 

In  my  study  of  the  toad-embryos  I  have  had  recourse  largely 
to  horizontal  and  longitudinal  sections,  as  these  best  show  the 
relationship  of  the  blastopore  to  anus  and  neurenteric  canal. 
By  the  arching  over  of  the  medullary  folds  there  is  formed  a 
large  neural  tube. 

A  horizontal  section  through  the  posterior  part  of  an  embryo 
is  shown  in  Fig.  16.  This  is  taken  at  a  time  when  the  medullary 
folds  are  just  meeting  above.  The  large  neural  tube  is  seen 
above  this;  the  folds  are  on  the  point  of  fnsing  together,  and 
immediately  above  the  tube  the  process  of  fusion  is  carried  so  far 
that  a  few  cells  are  in  actual  contact. 

Fig.  17  represents  the  section  following  Fig.  16.  The  floor  or 
base  of  the  neural  tube  is  entirely  absent,  or,  in  other  words,  at 
this  point  the  medullary  folds  have  arched  over  and  met  above 
the  blastopore.  In  this  section  also  a  few  cells  above  the  neural 
tube  are  in  actual  contact.  Fig.  18  is  the  section  following  Fig. 
17,  where  the  conditions  are  very  similar  to  the  last,  except  that 
the  medullary  folds  are  not  in  actual  contact  above  this  part  of 
the  blastopore,  which  would  still  communicate  with  the  exterior. 
The  communication  is  even  more  marked  in  the  next  four  sec- 
tions. After  this  the  neural  tube  and  neurenteric  canal  are 
entirely  absent,  and  the  cavity  of  the  archenteron  is  separated  from 
the  exterior  by  the  thick  wall  composed  of  the  three  embryonic 
layers.  (See  Fig.  15  for  the  frog.)  In  these  sections  (eight  in 
number)  there  is  seen  in  the  posterior  middle  line  a  distinct 
groove,  and  on  each  side  of  this  furrow  the  body  walls  of  the 
embryo  are  somewhat  thicker  than  elsewhere,  and  at  the  base  of 
this  groove  the  cells  are  much  more  richly  pigmented  than  over 
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the  general  Btirface.  Horizontal  sections  in  stages  younger  than 
the  embryo  just  figured  show  the  blastopore  opening  freely  at  the 
surface,  with  a  thickened  combination  of  the  medullary  folds  on 
each  side.  In  Fig.  19  I  have  figured  a  horizontal  section  of  an 
embryo  a  little  older  than  that  in  Figs.  16, 17, 18. 

In  it  the  medullary  folds  are  seen  completely  fused  above  the 
blastopore,  and  the  neural  tube  thns  comes  to  communicate  freely 
with  the  archenteron  through  the  neurenteric  canal  N,  Sections 
above  and  anterior  to  this  show  simply  the  fused  medullary 
folds  above  the  large  neural  tube.  Sections  behind  the  one  fig- 
ured show  an  outer  pigmented  groove  running  through  twelve 
sections.  Beneath  this  groove  the  body  walls  of  the  embryo  are 
quite  thick,  but  in  the  eleventh  and  twelfth  this  thick  wall 
grows  thin,  composed  of  a  single  layer  of  cells,  and  these  cells  are 
even  more  strongly  pigmented  than  those  in  the  groove  with 
which  it  is  continuous.  A  vertical  longitudinal  section  through 
an  embryo  ait  this  stage  is  shown  in  Fig.  20,  and  exhibits 
clearly  these  relationships.  In  this  vertical  section  there  is  seen 
to  be  no  communication  of  the  archenteron  with  the  exterior. 
At  iTthe  blastopore  has  been  closed  over  by  the  medullary  folds 
Mj  which  in  this  embryo  have  perfectly  fused.  At  If  the 
neurenteric  canal  is  indicated  opening  above  into  the  neural 
tube  and  below  into  the  archenteron.  Between  M  and  A  in  the 
figure  is  seen  the  thick  portion  of  the  wall  of  the  mesenteron 
which  was  spoken  of  in  the  horizontal  sections.  At  A  the 
posterior  wall  of  the  archenteron  is  extremely  thin — about  one 
cell  in  depth — and  later  stages  show  this  to  be  the  place  at  which 
the  anus  opens  to  the  exterior.  If  we  examine  sections  of 
embryos  younger  than  this  last  in  the  region  of  A  we  find  that 
both  longitudinal  and  vertical  sections  show  the  wall  in  this 
region  several  layers  of  cells  in  thickness.  Under  the  ectoderm 
come  two  or  more  rows  of  mesoderm  cells,  and  then  a  single  row 
of  endodermal  cells.  Embryos  between  this  condition  and  that 
indicated  by  Fig.  20  show  intermediate  stages  of  development. 
(See  Fig.  21.)  Here  there  is  seen  to  be  a  general  migration  of 
the  mesoderm  and  endoderm  from  the  middle  line  over  a  limited 
area. 

Stages  later  than  Fig.  20  show  that  the  anus  has  opened  at 
the  point  A  just  beneath  the  thickened  mass  situated  above  A  in 
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Fig.  20.  Even  in  the  toad,  in  which  from  the  first  the  neural 
tube  and  nenrenteric  canal  are  very  large,  I  cannot  trace  the 
persistence  of  the  nenrenteric  canal  to  as  late  stages  in  develop- 
ment as  Goette's  figures  show  it  to  remain  in  Bombinator. 

EbVIBW  of  LrrBBATUBIC. 

I  cannot  hope  to  give  here  a  complete  review  of  the  literature 
of  the  blastopore  of  Amphibia.  All  that  is  attempted  is  a  brief 
abstract  of  the  principal  opinions  which  have  been  held  especially 
within  the  last  ten  years,  and  a  few  notices  of  papers  containing 
accounts  of  the  blastopore  in  other  vertebrate  groups.  My  object 
is  not  to  give  a  complete  bibliography,  but  to  bring  together 
those  facts,  a  discussion  of  which  will  follow  in  the  next  section 
in  connection  with  the  forms  just  studied. 

1.  Goette  (1876)  found  in  the  development  of  Bombinator  that 
the  blastopore,  or  anus  of  Rusconi,  becomes  narrowed  from  side 
to  side  as  the  animal  develops  and  is  reduced  to  a  furrow.  Then 
the  walls  of  the  blastopore  approach  first  from  without ;  that  is, 
arch  over  the  blastopore.  Later  their  walls  come  into  contact. 
The  neural  tube  narrows  towards  the  tail  and  opens  into  the 
arched-over  blastopore.  The  proctodaeum  is  formed  later  by  an 
invagination  of  ectoderm. 

2.  Balfour  writes  that  in  the  Elasmobranch  fishes  the  medul- 
lary folds  unite  to  form  a  canal,  and  "  this  canal  becomes  contin- 
uous with  the  alimentary  tract,"  or,  in  other  words,  the  blastopore 
(at  its  anterior  end)  forms  a  nenrenteric  canal.  "  This  communi- 
cation between  the  neural  and  alimentary  canals  ....  is  a  feature 
of  great  interest,  which  ought  to  throw  considerable  light  upon 
the  meaning  of  the  nenrenteric  canal." 

3.  Clarke  ('78-'79)  has  described  the  external  changes  in  the 
development  of  Amblystoma  punctatum ;  there  is  little  said, 
however,  as  to  the  relation  of  the  blastopore  to  medullary  folds 
or  anus.  He  speaks  of  the  anal  end  of  the  medullary  fold,  and 
one  would  infer  from  his  account  and  from  his  figures  that  the 
blastopore  probably  formed  the  anus.  No  niention  is  made  of 
a  nenrenteric  canaL 

4.  Scott  and  Osbom  ('79),  on  the  development  of  the  newt 
(Triton  taeniatus),  say,  "As  the  [medullary]  folds  enclose  the 
blastopore,  which  remains  open  till  a  much  later  period,  the 
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sinus  [rhomboidalis]  gives  a  commnnication  from  the  exterior  to 
the  alimentary  canal ;  when  the  sinns  closes  there  is  still  a  com* 
mnnication  between  the  neural  and  alimentary  canal."  I  do  not 
find  any  account  of  the  formation  of  the  permanent  anus. 

5.  Balfour  ('79),  in  his  Embryology,  Vol.  II,  makes  the  follow- 
ing statements,  which  are  relevant  to  the  present  subject :  '^  It 
is  hardly  credible  that  the  existing  anus  [in  Chordata]  can 
have  been  the  original  one.  Although,  therefore,  it  is  far  from 
easy  on  phUoaophical  prmdplea  involoed  in  the  Darwinian 
theory  to  understand  the  formation  of  a  new  anvsy  it  is  never- 
theless necessary  to  believe  that  the  present  vertebrate  anus  is  a 
formation  acquired  within  the  group  of  the  Chordata  and  not 
inherited  from  some  older  group  ....  The  neurenteric  canal  is, 
however,  the  remnant  of  the  blastopore.  It  follows  therefore 
that  the  vertebrate  blastopore  is  probably  almost  if  not  identical 
in  position  with  the  primitive  anus." 

6.  Scott  ('80),  in  a  short  note  in  the  Zoologische  Anzeiger,  says 
that  in  the  lamprey  the  blastopore  is  arched  over  by  the  medul- 
lary folds  and  forms  the  canalis  neurentericus,  and  that  the  anus 
is  a  new  formation. 

7.  Bambecke  ('80)  believes  the  blastopore  in  Triton  disappears 
before  the  formation  of  the  lyrmudeal  folds. 

8.  Hatschek  ('81)  shows  that  in  Amphioxus  the  blastopore 
becomes  the  neurenteric  canal  and  the  anus  is  a  new  formation. 

9.  Strahl  ('82)  says  that  the  neurenteric  canal  is  formed  in 
the  middle,  not  at  one  end,  of  the  primitive  streak  in  Lacertilia. 

10.  Gasser  ('82).  I  have  not  had  access  to  this  paper,  but 
from  reviews  I  gather  that  he  derives  the  anus  from  the  blasto- 
pore, and  that  there  is  in  the  newt  a  partially  solid  neurenteric 
canal. 

11.  Weldon  ('88),  in  a  note  on  the  development  of  the  lizard, 
points  out  that  the  anus  is  formed  at  some  point  along  the  prim- 
itive streak,  or  that  the  ^^  anus  is  in  the  position  of  a  part  of  the 
blastopore." 

12.  Whitman  found  in  "  a  rare  form  of  the  blastoderm  of  the 
chick"  that  the  primitive  streak  was  continued  out  beyond  its 
usual  length,  and  runs  through  the  area  opaca  to  terminate  in 
the  marginal  notch,  showing  conclusively  that  the  primitive 
streak  in  birds  to  be  a  remnant  of  the  line  along  which  the 
blastopore  closes. 
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13.  Schnltze  ('84)  believes  that  in  Ran  a  fusca  the  blastopore,  by 
the  closing  over  of  the  neural  folds,  becomes  the  canalis  neuren- 
tericns,  and  that  the  anal  invagination  is  formed  behind  the  thick 
posterior  end  of  the  medullary  thickening. 

14.  Sedgwick  ('84)  advanced  an  hypothesis  "on  the  original 
function  of  the  canal  of  the  central  nervous  system  of  ver- 
tebrata."  He  suggests  that  the  ancestral  vertebrate  had  a 
groove  extending  "  along  the  whole  length  of  the  middle  dorsal 
(or  ventral  ?)  line  of  the  body,  the  nervous  system  being  placed 
in  the  deeper  layers  of  the  epidermis  of  this  groove."  This 
groove  became  converted  into  a  canal  open  before  and  behind. 

"  The  function  of  the  groove  was,  in  my  opinion,  partly  respir- 
atory and  partly  protective." 

"  How  it  [the  tube]  acquired  its  opening  into  the  (dimentary 
tract  is  perhaps  hard  to  understand.  The  discussion  of  this 
question  involves  the  discussion  of  a  still  more  difficult  question, 
viz.  the  relation  of  the  permanent  anus  to  the  blastopore. 
I  may,  however,  point  out  here  that  development  points  to  the 
fact  that  the  blastopore  was  placed  within  the  medullary  platCy 
and  that  therefore  on  the  conversion  of  the  medullary  groove 
into  a  canalj  the  alimentary  canal  would  open  into  the  hinder 
end  of  that  canal  and  the  two  tubes  would  open  to  the  exterior 
together  posteriorly.^^  He  thinks  that  water  entered  the  neural 
canal  "  by  the  anterior  pore,  was  driven  through  it  by  cilia,  and 
at  the  hind  end  passed  through  the  neurenteric  canal  into  the 
alimentary  canal  and  so  out  by  the  anus." 

15.  Sedgwick  ('84),  shortly  after  the  above  hypothesis  was 
advanced,  instituted  in  a  brilliant  paper  a  comparison  between 
the  primitive  gastrula  mouth  and  anus.  This  hypothesis  is  so 
well  known  that  a  mere  reference  will  suffice.  In  that  part  of 
his  paper  devoted  to  the  vertebrate  blastopore  he  says  for  the 
newt  (T.  cristatus)  that  "  in  this  animal  the  blastopore  appears 
not  to  close,  but  to  persist  as  the  anus." 

It).  Hatschek  ('84)  says  that  in  the  development  of  Amphi- 
oxus  the  anterior  end  of  the  neural  tube — the  neuropore — is 
pushed  during  development  to  one  side,  the  left,  and  remains 
open  so  that  the  neural  tube  communicates  freely  with  the  sur- 
rounding water.  This  neuropore  persists  in  the  full-grown 
animal  and  serves  as  an  entrance  for  water  into  the  medullary 
tube. 
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17.  Johnson,  A.  ('84),  verified  fully  Prof.  Sedgwick's  observa- 
tions as  to  the  connection  of  blastopore  and  anus  of  the  newt. 
She  gives  a  review  of  some  of  the  previous  papers,  and  calls 
attention  to  the  fate  of  the  blastopore  in  the  different  groups  of 
vertebrates. 

18.  Van  Wijhe  announced  later  than,  but  independently  of, 
Prof.  Sedgwick,  the  hypothesis  that  between  mouth  and  primitive 
anus  of  the  ancestral  vertebrate  the  neural  tube  formed  a  water 
passage,  whose  posterior  end  fused  with  the  blastopore  to  form  a 
blastoneuropore  through  which  the  water-stream  and  faecal 
matter  were  discharged.  Later  the  blastoneuropore  closes  in 
part,  and  the  water  passes  down  the  neurenteric  canal,  and 
together  with  the  faeces,  out  of  the  permanent  anus,  which  has 
been  formed  at  about  this  time.  Later,  both  neuropore  (anter- 
iorly) and  blastoneuropore  (behind)  became  obliterated. 

19.  Caldwell  ('84)  has  a  short  note  in  Nature  on  Ceratodus, 
He  found  segmentation  holoblastic.  ^^Part  of  the  blastopore 
remains  open  and  persists  as  the  anus."  "  The  stages  up  to 
hatching  closely  resemble  those  of  the  newt  Amblystoma."  The 
two  statements  taken  together  and  in  the  light  of  what  does  take 
place  in  Amblystoma  are  very  interesting. 

20.  Spencer  ('85).  From  his  article  on  the  Early  Development 
of  Bana  temporaria  1  quote :  "  Thus  both  sections  and  external 
views  lead  us  to  the  same  conclusion  that  in  Kana  as  in  Triton 
the  blastopore  is  transformed  into  the  permanent  anus  ....  that 
in  Triton  no  connection  exists  between  the  neural  and  alimentary 
canals,  whilst  such  a  structure  is  well  marked  in  Rana." 

21.  Cunningham  ('85)  says:  "  With  regard  to  the  primitive 
anus  I  cannot  accept  Sedgwick's  idea  that  the  present  anus  is  the 
same  structure,  nor  do  I  accept  the  proof  brought  forward  by 
Miss  Johnson  on  the  point  as  far  as  regards  the  newt."  "  The 
blastopore  is  the  primitive  anus,  but  does  not  coincide  with  the 
actual  anus."  The  primitive  anus  he  believes  was  closed  over 
by  the  medullary  folds  and  became  the  neurenteric  canal,  which 
he  believes  is  "  never  altogether  unrepresented  in  vertebrate 
embryos." 

21  i.  In  a  paper  published  ten  months  later,  "  on  the  relations 
of  the  yolk  to  the  gastrula  in  Teleosts  and  other  vertebrate  types," 
he  seems  to  some  extent  to  have  changed  his  scepticism  in  regard 
to  the  permanent  anus  and  makes  the  following  statement: 
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"  But  Sedgwick  and  Miss  Johnson  have  lately  attempted  to 
show  that  in  Triton  part  of  the  blastopore  extends  round  to  the 
ventral  surface  ....  If  the  proposition  is  correct  that  the  pos- 
terior end  of  the  blastodermic  aperture  in  the  newt  remains 
open,  the  question  immediately  arises :  Is  the  whole  edge  of  the 
blastoderm  in  the  newt  invaginated}  The  answer  to  which 
question  cannot  be  found  in  Miss  Johnson's  figures.  If  it  is  not, 
then  the  blastopore  (primitive)  and  the  edge  of  the  blastoderm  in 
the  newt  are  not  the  same  thing.  If  it  is,  then  it  may  prove  i/rue 
that  the  anus  is  derived  from  the  posterior  end  of  the  hlastopore^ 
and  has  passed  from  an  original  neural  position  forwards  on  the 
ventral  surface  by  a  continuous  process  during  ancestral  history, 
without  ever  closing  up  ...  .  This  would  mean  that  the  closure 
of  the  medullary  canal  posteriorly  divides  the  open  part  of  the 
blastopore  into  two  parts,  one  forming  the  neurenteric  canal,  the 
other  remaining  open  to  the  exterior  and  persisting  as  the  anusP 
This  supposition  states  exactly  what  takes  place  in  Amblystoma. 
I  did  not  meet  this  statement  until  all  the  previous  sections  of 
this  paper  had  been  written,  and  so  found  out  the  facts  in 
Amblystoma  without  any  knowledge  of  this  possible  prophecy. 

22.  Shipley  ('85)  says  in  Petromyzon  the  nerve  chord  is  formed 
by  delamination ;  later  a  cavity  appears  in  it.  The  neural  folds 
do  not  grow  over  and  enclose  the  blastopore,  as  Scott  a£Srmed, 
but  the  blastopore  becomes  the  anus.  There  is  a  solid  post- anal 
gut,  and  "  it  is  perhaps  worth  while  to  point  out  that  it  lies  at 
what  was  originally  the  anterior  lip  of  the  blastopore." 

23.  Johnson  and  Sheldon  ('86)  have  some  further  "  notes  on 
the  development  of  the  newt."  In  addition  to  the  fact  that  the 
blastopore  becomes  the  anus,  they  find  a  solid  diverticulum  of 
the  alimentary  canal,  which  no  doubt  represents  the  neurenteric 
canal,  and  this  canal  they  believe  to  be  always  solid  in  the  newt. 

24.  Durham  ('86)  believes  that  the  blastopore  persists  as  anus 
in  Kana,  but  found  one  series  in  which  there  is  no  blastopore 
opening,  and  this  he  regards  as  abnormal.  He  finds  there  was  a 
well  marked  communication  '*  between  the  alimentary  tract  and 
the  neural  canal  without  the  intervention  of  the  blastopore,"  but 
does  not  suggest  how  such  a  communication  has  been  brought 
about.  It  seems  to  me  that  his  abnormal  embryo  is  a  most 
normal  form  and  to  show  the  stage  when  the  blastopore  has 
closed  and  a  new  anus  not  yet  formed. 
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25.  Haddon  ('87)  in  his  Embryology  says, "  Most  embryologists 
consider  the  anus  of  vertebrates  to  be  a  new  strncture,  but  Sedg- 
wick regards  it  as  the  posterior  extremity  of  the  primitive  blas- 
topore"; and  in  another  place,  when  speaking  of  Cyclostomes 
and  Amphibia,  "  in  these  groups  it  appears  that  the  blastopore 
persists  as  the  anus,  consequently  it  was  behind  the  post-anal 
gut  (solid  in  the  newt),  which  was  imagined  to  extend  between 
the  closed-over  blastopore ;  and  the  new  anus  is  merely  a  ventral 
extension  of  the  neural  canal  owing  to  the  growth  of  the  trail 
taking  place  above  the  blastopore." 

26.  Sidebotham  ('88)  gives  in  the  Qua/rterh/  Journal  for  Jtily, 
1888,  one  of  the  latest  accounts.  He  says,  in  the  frog,  as  the 
neural  folds  grow  up  to  meet  each  other  they  do  not  enclose  the 
blastopore,  but  reach  only  as  far  as  its  dorsal  anterior  rim.  The 
blastopore  closes  and  a  new  anus  is  formed  by  a  proctodaeal 
invagination. 

I  do  not  get  from  his  account  a  clear  idea  as  in  what  way  the 
blastopore  completely  disappears,  but  he  seems  to  believe  that  it 
does  not  at  any  rate  form  the  neurenteric  canal. 

27.  Before  completing  my  work  on  the  toad  and  frog  I  pub- 
lished ('89)  a  preliminary  note  on  the  fate  of  the  blastopore — 
chiefly  in  Amblystoma.  From  my  study  of  the  embryos  of 
Amblystoma  I  concluded  that  there  was  a  possibility  of  the 
blastopore  in  other  forms  becoming  the  neurenteric  canal. 
Further  work  on  the  toad  and  frog  has,  I  believe,  found  this 
supposition  true. 

28.  Giacomini,  "  Neurenteric  Canal  in  the  Rabbit."  I  have 
only  seen  the  abstract  in  the  Journal  of  Royal  Micro.  Soc.  ('89). 
Here  it  is  stated  that  he  is  inclined  to  believe  the  hypothesis 
that  the  ideal,  ancestral  medullary-canal  and  gut  had  a  common 
opening,  "  the  blastoneuropore." 

COMPABISONS  AND  CoNOLITSIONS. 

Comparisons. 

From  the  brief  review  just  given  I  think  we  may  in  general 
draw  the  Yollowing  conclusions  as  to  the  fate  of  the  blastopore : 

1.  In  some  forms  it  becomes  altogether  or  in  part  the  neuren- 
teric canal.  Newt  (Scott),  Frog  (Goette  and  others),  Elasmo- 
branch,  Bird,  etc. 
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2.  Id  some  forms  it  becomes  the  anns.  ]!^ewt  (Sedgwick), 
Frog,  Petromyzon  (Shipley),  Ceratodns  (Caldwell). 

3.  In  some  forms  it  entirely  closes  and  a  new  anns  is  formed. 
Frog. 

4.  The  possibility  of  its  becoming  both  neurenteric  canal  and 
anns  has  been  suggested.  This  last  (4)  I  believe  to  be  the  con- 
dition at  the  present  time  in  Amblystoma.  If  this  is  accepted 
it  seems  to  me  to  give  ns  a  definite  point  from  which  to  start 
towards  an  explanation  of  what  has  been  discovered  in  other 
forms.  K  we  accept  the  fact  that  in  at  least  one  living  animal 
the  blastopore  gives  rise  to  both  neurenteric  canal  and  anus,  I 
think  most  of  the  previous  observations  are  fairly  well  explained. 

It  may  be  asked,  what  evidence  is  there  that  this  is  an  ances- 
tral condition  ?  Why  do  we  not  find  similar  phenomena  in  forms 
lower  than  the  Urodele  Amphibia  %  I  have  no  direct  evidence 
to  offer  against  these  objections,  and  can  only  meet  them  by  the 
following  propositions. 

In  some  of  these  lower  groups,  as  the  Cyclostomes  and  Teleosts, 
in  which  a  solid  neural  chord  is  formed,  we  may  regard  this 
(and  I  believe  it  is  generally  so  regarded)  as  a  secondary  phe- 
nomenon, and  to  be  referred  to  ancestral  forms  whose  chord  was 
made  by  a  rolling  in  of  ectoderm.  And  again,  on  the  other 
hand,  in  such  ancestral  forms  as  the  Salaehians  and  Dipnoi  we 
have  changes  in  their  development  which  will  support  a  pre- 
sumed ancestral  condition  for  the  blastopore  of  Amblystoma. 
In  the  Salaehians  we  know  the  blastopore  in  part  to  become  the 
neurenteric  canal,  while  in  the  Dipnoi — and  this  is  most  important 
— we  have  a  single  observation  which  shows  that  in  Ceratodus 
the  posterior  part  of  the  blastopore  becomes  the  permanent  anus, 
and  further,  that  the  general  development  resembles  that  of 
Amblystoma.  So  far  as  I  know  no  observations  have  yet  been 
made  as  to  the  neurenteric  canal  in  Ceratodus,  yet  it  seems  to 
me  there  is  a  good  deal  of  possibility  that  the  anterior  end  of  the 
blastopore  may  be  here  found  to  form  a  neurenteric  canal. 
Even  further  we  see  that  in  the  small  living  group.  Amphibia, 
we  have  reliable  evidence  that  in  some  forms  the  blastopore 
functions  as  neurenteric  canal,  and  in  other  closely  related 
animals  it  forms  the  anus. 

I  believe  these  propositions  give  good  evidence  to  support  the 


372  T.  H.  MORGAN. 

view  that  in  Amblystoma  we  have  found  a  form  which  retains 
during  its  larval  development  for  a  short  period  the  ancestral 
conditions  of  the  blastopore.  Starting  with  it  as  the  ancestral 
form  and  working  backwards,  we  may  see  if  it  will  explain  the 
facts.  We  have  difficulty,  however,  in  getting  at  these  known 
facts ;  still  it  seems  to  me  the  first  three  propositionfi  given  above 
must  be  admitted,  although  for  some  particular  form  this  may 
not  be  true. 

1.  In  those  animals  in  which  the  blastopore  becomes  the 
neurenteric  canal  there  is  no  difficulty,  especially  as  it  has  been 
shown  that  in  some  of  these  same  forms  the  anus  opens  later  in 
the  primitive  streak.     The  lizard  is  an  example. 

2.  Nor  does  the  second  cafie  present  any  difficulty,  and  in  this 
connection  such  a  statement  as  ^^it  is  perhaps  worth  while  to 
point  out  that  a  solid  post-anal  gut  lies  at  what  was  originally 
the  anterior  lip  of  the  blastopore,"  explains  itself  on  our  hy- 
pothesis. 

That  the  neurenteric  canal  is  never  open  in  some  forms,  but 
remains  a  solid  chord  of  cells,  we  must  admit  as  a  probability, 
but  in  some  cases  in  which  this  has  been  affirmed  I  think  that 
future  work  may  show  that  for  a  very  short  period  the  conditions 
seen  in  Amblystoma  may  present  themselves.  Still  Amblystoma 
does  show  an  intermediate  step  between  an  open  neurenteric 
canal  and  a  solid  mass  of  cells  at  the  anterior  end  of  the  blas- 
topore. 

3.  This  brings  us  to  the  third  case,  in  which  the  blastopore 
closes  and  a  "  new  "  anus  is  formed.  The  closure  of  the  blasto- 
pore has  just  been  sufficiently  discussed,  and  with  the  second 
part  it  seems  to  me,  from  a  study  of  the  frog  and  toad,  we  have 
no  difficulty. 

The  new  anus  is  merely  a  backward  extension  of  the  original 
blastopore,  and  in  this  connection  the  deeply  pigmented  furrow 
running  from  the  old  blastopore  to  the  "  new  "  anus  is  worthy  of 
notice.  Further,  the  method  in  which  the  new  anus  breaks 
through  to  the  exterior  lends  support  to  the  case.  I  see  no  other 
interpretation  than  that  this  migration  of  cells  away  from  a  central 
point  is  merely  the  opening  of  the  posterior  part  of  an  elongated 
blastopore.  Thus  all  the  evidence  points  to  the  fact  that  the 
original  blastopore  gave  rise  to  both  the  neurenteric  canal  at  its 
anterior  end,  and  at  its  posterior  to  the  permanent  anus. 
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Gondusions, 

From  the  facts  stated  in  the  first  part  of  the  paper  it  seems 
that  the  blastopore  in  Amblystoma  was  situated  in  the  posterior 
part  of  the  medullary  groove  and  partially  surrounded  by  a 
continuation  of  its  walls  on  each  side ;  that  it  was  then  over- 
arched in  its  anterior  part  by  a  continuation  of  the  medullary 
folds ;  that  on  account  of  its  elongation  its  posterior  end  escaped 
this  closing  over ;  and  that  by  the  shutting  in  of  the  medullary  folds 
the  digestive  tract  came  to  communicate  with  the  neural  tube 
by  the  anterior  end  of  the  blastopore,  and  with  the  exterior  by 
the  posterior  end  of  the  blastopore. 

Consider  these  facts  in  connection  with  the  well  known  phenom- 
enon of  the  persistence  of  the  neurenteric  canal  in  animals  in 
which  at  present  we  can  conceive  it  to  have  no  function,  also 
that  in  one  ancestral  animal — Amphioxus — the  ciliated  neural 
tube  communicates  directly  by  the  neuropore  with  the  surround- 
ing water,  and  I  can  see  no  escape  in  the  present  state  of  our 
knowledge  from  part  of  the  hypothesis  which  Sedgwick  has 
announced. 

It  seems  to  me  that  the  following  hypotheses  or  suggestions 
may  at  least  tentatively  be  proposed  (with  one  exception — of 
the  exact  relationship  of  the  neural  tube  to  the  blastopore — it 
differs  little  from  Sedgwick's  hypothesis  concerning  the  origin  of 
the  neural  tube),  that  in  Amblystoma  we  have  in  the  behavior 
of  the  blastopore  the  changes  which  have  in  general  taken  place 
in  the  phylogeny  of  that  organ. 

We  have  seen  that  the  anterior  end  of  the  blastopore  has  been 
caught  in  by  the  general  closing  over  of  the  medullary  groove. 
At  first  I  was  inclined  to  believe  this  purely  mechanical,  but 
from  the  very  great  persistence  of  this  anterior  end  in  many 
animals  as  the  neurenteric  canal,  and  from  the  fact  that  the  blas- 
topore walls  actually  fuse  behind  this  neurenteric  canal,  I  must 
believe  the  neurenteric  canal  to  be  a  rudimentary  organ  which 
has  had  at  some  time  an  important  function.  The  neurenteric 
canal  has  remained  pretty  stable  in  position ;  the  anus  has  wan- 
dered far  from  its  original  station. 

It  seems,  then,  probable  that  at  the  same  time  that  the  medul- 
lary groove  was  more  and  more  shut  in  to  form  the  neural  tube, 
the  blastopore  became  also  partially  arched  over  by  a  continuation 
of  the  medullary  folds. 
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This  might  interfere  with  the  free  passage  of  excreta  from  the 
digestive  tract  to  the  exterior.  To  avoid  this  diflSculty  we  have 
the  survival  of  an  elongated  blastopore.  And  now  by  the  growth 
of  the  tail  the  anterior  and  posterior  end  of  the  blastopore  sepa- 
rated farther  and  farther  from  each  other,  as  indicated  in  the 
ontogeny. 

I  have  purposely  avoided  any  mention  as  to  the  neural  tube 
forming  a  water  passage.  That  this  came  to  be  its  function  seems 
possible  from  the  facts  above  given.  If  s^  nervous  ciliated  tract 
came  gradually  to  sink  beneath  the  general  surface — let  us  say 
for  protection — we  have  the  beginning  of  the  neural  groove. 
Such  a  migration  of  a  sensitive  area  we  see  in  the  nose.  That 
water  should  still  enter  this  medullary  groove  is  self-evident,  and 
that  when  even  later  the  groove  became  entirely  closed  over  to 
form  a  tube,  that  it  still  may  have  communicated  with  the  sur- 
rounding water  is  possible  from  the  living  example  of  Amphioxus. 
Neither  does  it  seem  to  me  improbable  that  by  means  of  the  cilia 
the  water  should  be  driven  along  this  tube,  by  means  of  which 
the  nerve  cells  may  either  have  received  stimuli  from  the 
surrounding  water,  or  served  to  aerate  the  nervous  system,  or 
both. 

On  account  of  the  arching  over  of  the  blastopore  this  stream  of 
water  must  have  entered  the  digestive  tract  by  means  of  the 
neurenteric  canal,  and  thence  passed  out  to  the  exterior  through 
the  posterior  end  of  the  original  blastopore ;  and  as  this  posterior 
part  or  anus  moved  further  and  further  away  from  the  neuren- 
teric canal  and  the  intermediate  part  became  closed,  we  can  see 
how  the  neurenteric  canal  came  to  have  an  important  function 
and  hence  its  remarkable  persistence.  That  the  anus  is,  in 
animals  higher  than  the  Amphibia,  a  much  later  formation  than 
the  neurenteric  canal  is  easily  explained  by  retardation  in  devel- 
opment in  animals  in  which  during  embryonic  life  it  had  no 
function. 

Mr.  Wightman  has  demonstrated  to  me  in  the  neural  tube  of 
adult  frogs  the  ciliated  epithelium  in  the  living  condition,  and 
further  by  the  addition  of  suspended  carmine  granules  these  cilia 
are  seen  to  drive  the  particles  towards  the  tail.  That  a  rudi- 
mentary organ  should  remain  through  thousands  of  generations 
in  an  active  moving  condition  seems  most  improbable,  yet  no 
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secoBdary  fanction  has  bo  far  as  I  know  been  suggested  for  these 
cilia.    At  any  rate  the  fact  that  these  cilia  still  drive  currents 
backwards,  from   brain   to  tail,  is   most   interesting  in    this 
connection. 
Baltimore,  May  18, 1889. 
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Dy  archenteron. 
©,  neural  groove  or  tube. 
My  medullary  folds. 
Ny  neurenteric  canal. 
P,  plug  or  bridge  of  cells. 

EXPLANATION  OP  PLATES. 

Plate  XL. 

Fig.  1. — Longitudinal -horizontal  section  through  the  posterior 
end  of  Amblystoma  at  stage  E.    Camera  drawing. 

FiQ.  2.— Second  section  in  series  of  the  longitudinal-horizon tal> 
following  Pig.  1. 

Fig.  3.— Fifth  section,  following  Fig.  2. 

Pig.  4. — Sixteenth  section,  following  Fig.  3. 

Fig.  5. — Fourth  section,  following  Fig.  4. 

Fig.  6. — Longitudinal-yertical  section  of  Amblystoma  at  stage 
between  D  and  R 

Fig.  7. — Longitudinal-vertical  section  of  Amblystoma  at  stage  E. 

Pig.  8. — Longitudinal-horizontal  section  through  the  blastopore 
of  Sana  halecina. 

Fig.  9. — One  of  this  same  series  immediately  following  Fig.  8. 

Fig.  10. — One  of  this  same  series  through  the  anal  invagination. 

Plate  XLL 

Pig.  11. — Longitudinal -vertical  section  of  Kana  halecina,  showing 
blastopore  and  anal  invagination. 

Fig.  12. — Longitudinal-horizontal  section  of  Bana  halecina,  show- 
ing closing  over  of  blastx)pore  to  form  neurenteric  canal. 

Fig.  13. — Longitudinal-horizontal  section  of  Bana  halecina  after 
the  fusion  of  the  medullary  folds. 

Fig.  14. — Longitudinal-vertical  section  through  posterior  end  of 
Bana  halecina,  showing  permanent  anus.  The  neurenteric  canal  has 
disappeared. 

Fig.  15. — Longitudinal-horizontal  section  through  anal  region  of 
Bana  halecina  at  a  stage  before  the  medullary  folds  have  closed  over 
the  blastopore. 

Fig.  16. — Longitudinal-horizontal  section  through  the  posterior 
end  of  Bufo  lentiginosus. 

Fig.  17. — Section  in  same  series,  following  Pig.  16. 

Fig.  18.— Section  in  same  series,  following  Fig.  17. 
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Fig.  19. — Longitudinal-horizontal  section  through  posterior  end 
of  Bufo  lentiginosQSi  showing  mednllary  folds  to  form  nenrenteric 
canal. 

Fig.  20. — Longitadinal-vertical  section  through  Bufo  lentiginosns 
at  same  stage  as  Fig.  19. 

Fig.  21. — Longitudinal-horizontal  section  through  anal  region  of 
BufOy  to  show  migration  of  cells  from  middle  line  to  form  the  anus. 

Plate  XLII. 

Fig.  a. — Surface  view  of  Amblystoma,  endodermal  plug  still 
appearing  at  surface. 

Fig.  B. — Surface  view  of  Amblystoma. 

Fig.  C. — Surface  view  of  Amblystoma. 

Fig.  D. — Surface  view  of  Amblystoma. 

Fig.  D'. — Dissection  of  embryo  at  stage  D,  the. upper  wall  being 
removed  to  show  digestive  tract. 

Fig.  E. — Surface  view  of  Amblystoma  when  medullary  folds  iiave 
jast  fused. 

Fig.  E'. — Surface  view  at  anterior  end  of  medullary  folds,  to  show 
opening  to  exterior. 

Fig.  E". — Blastopore  seen  from  without;  the  medullary  folds  have 
been  dissected  apart 

Fig.  E'".— Side  view  of  same  individual. 

Fig.  F. — Surface  view  of  ventral  side  of  Amblystoma. 

Fig.  G. — Dissection  of  embryo  at  stage  E,  to  show  blastopore  as 
seen  from  without. 

Fig.  6'. — Dissection  of  embryo  at  stage  E,  to  show  blastopore 
from  within. 

Fig.  H. — Dissection  of  embryo  at  stage  E,  to  show  dumb-bell 
shaped  blastopore. 

Fig.  I. — Surface  view  of  anal  end  of  embryo  at  a  stage  later  than  F. 

Fig.  J. — Surface  view  of  Bana  halecina  just  before  medullary  folds 
close. 

Fig.  K. — Surface  view  of  anal  region  of  Fig.  J,  to  show  the 
blastopore,  the  anal  invagination,  and  the  groove  connecting  the  two. 


ON  A  NEW  ACTINIA,  HOPLOFHORIA  COBAI 

LIGENS.  By  HENRY  V.  WILSON,  Ph.  D..  Bruce  Fello 
in  the  John  Hopkins  UniverBity.  With  Plate  XLIII. 
The  actinia  deBcribed  in  this  paper  waa  found  by  me,  Jaly  21 
1888,  on  the  small  reef  which  fringes  the  shore  of  No  Name  Ke; 
Abaco,  Bahamas.  It  was  discovered  in  a  hole  on  the  nnder  bo 
face  of  a  piece  of  a  green,  porites-like  asteroid  coral  which 
very  abttndant  on  Bahama  reefs.  The  hole  extended  about  ha 
an  inch  into  the  corallum,  and  was  freely  open  to  the  se 
Though  I  remained  six  months  in  that  part  of  the  Bahamas  an 
examined  many  pieces  of  coral  with  the  hope  of  finding  moi 
Bpecimens,  I  never  got  another.  The  name  I  have  given  tl 
animal  signifieB  the  coral-inhabiting  weapon-bearer. 

1.  Superficial  Descriptum. 

Figs.  1  and  2  give  two  views  of  the  living  animal  (magnifif 
twenty  times).  In  the  lateral  view  the  column  is  shown  e: 
tended,  bnt  sometimes  the  animal  flattens  to  a  cake-like  ehap 
The  twelve  long  tentacles  aro  of  nearly  the  same  size,  though  s 
of  them  belong  to  one  cycle  and  six  to  another.  The  remainir 
tentacles  are  much  smaller.  The  tentacles,  which  are  very  so 
and  flexible,  are  not  capable  of  retraction,  though  they  cs 
shorten  their  length  very  mnch.  Just  beneath  the,  circle 
tentacles  are  four  large  and  conspicuous  organs,  which  give  tl 
animal  a  most  bizarre  appearance.  Sections  show  that  thei 
organs  are  diverticula  of  the  gastro-vascular  cavity,  and  a: 
stinging  weapons.  In  the  figures  (1  and  2)  they  are  drawn  : 
their  full  size,  but  often  they  will  contract  to  one-third  of  this  siz 

Color. — The  base  is  white.  The  column,  which  is  smooth,  is 
pale  brown.  The  tentacles  likewise  are  pale  brown,  tipped  wii 
white,  and  the  twelve  large  ones  are  fnmished  with  an  incoi 
plete  spiral  stripe  of  white,  which  sections  show  to  be  a  spir 
band  of  nettle  cells.  The  peristome  is  blue  with  white  spot 
The  cBsophagns  is  a  yellowish  white.  The  upper  part  of  tl 
stinging  organs,  marked  n.  h  in  the  figures,  is  a  bright  whit 
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The  rest  of  the  organ  when  expanded  is  of  a  brown  color  tinged 
with  blue ;  when  contracted  it  turns  decidedly  blue.  The  variety 
of  color  and  the  delicacy  of  tint  make  this  anemone  a  very  beau- 
tiful little  animal. 

The  hole  in  the  corallum  which  Hoplophoria  had  chosen  for 
its  home  was  somewhat  tubular,  with  a  rather  small  mouth. 
The  little  actinia  attached  by  its  base  to  the  far  end  or  to  one 
side  of  the  cavity,  would  protrude  its  tentacles  and  stinging 
organs  out  into  the  surrounding  water,  in  which  position  the 
stinging  organs  were  very  noticeable.  After  I  had  freed  its  foot 
from  the  corallum  the  animal  still  endeavored  to  stick  to  the  wall 
of  the  hole  by  means  of  its  tentacles,  which  are  very  adhesive. 

2.  Anatomy. 

The  general  arrangement  of  parts,  illustrated  by  the  diagram, 
Fig.  8,  is  on  the  common  Hexactinian  type,  and  offers  nothing 
unusual.  There  are  only  six  pairs  of  complete  mesenteries, 
answering  to  six  of  the  twelve  larger  tentacles.  The  remaining 
six  large  tentacles  correspond  to  incomplete  mesenteries  of  the 
second  order  (2,  Fig.  3).  Between  each  two  large  tentacles  are 
three  small  ones.  The  middle  of  the  three  (3)  corresponds  to  a 
pair  of  mesenteries  of  the  third  order.  The  first  and  second  pairs 
of  mesenteries  have  the  customary  muscle  plates,  but  the  twelve 
pairs  of  the  third  order,  which  are  very  small,  are  without  them. 
The  first,  second,  and  third  cycles  of  tentacles  are  ento-coelic : 
each  is  derived  from  the  space  between  the  two  mesenteries  of  a 
pair.  The  twenty-four  tentacles  of  the  fourth  order  (4,  Fig.  3) 
on  the  other  hand  are  exocoelic :  each  is  derived  from  the  space 
between  two  adjacent  pairs  of  mesenteries. 

The  mesenteries  of  the  first  and  second  orders  all  have  fila- 
ments ;  those  of  the  third  are  too  small  to  have  any.  The  fila- 
ments are  typical  Hertwig  filaments,  their  upper  part  being 
trifid,  their  lower  simple,  in  cross  section^  Fig.  4  is  through 
three  pairs  of  mesen  teries  of  the  several  orders.  Those  belonging 
to  the  second  order  are  cut  in  the  upper  part  of  their  course,  and 
their  filaments  consequently  show  a  middle  glandular  stripe 
together  with  lateral  ciliated  stripes.  Those  of  the  first  order 
are  cut  lower  down,  and  the  filaments  here  have  only  the  middle 
stripe.     There  are  no  acontia. 
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In  pasBmg  I  would  like  to  mention  that  the  filaments  of  two 
other  Bahamian  forms,  Cereaetis  and  an  unknown  genas,  are  also 
constructed  on  the  Hertwig  type.  Indeed  it  seems  that  actinias 
generally  have  such  filaments.  The  corals,  on  the  other  hand,  it 
would  appear,  have  simple  instead  of  trifid  filaments.  At  least  I 
have  found  this  to  be  true  in  Manicina,  Madrepora,  and  Orbi- 
cella,  and  from  the  figures  of  filaments  given  in  recent  coral 
papers  I  infer  that  it  is  widespread.  This  difierence  in  the 
structure  of  such  important  organs  ought  to  be  taken  account  of 
in  any  speculations  regarding  the  relationship  between  corals  and 
actinias.  The  great  similarity  between  Madreporarian  corals 
and  Hezactiniae  (common  actiniae  as  distinct  from  Ceriantheae, 
Zoantheae,  Edwardsiae,  etc.)  leaves  no  doubt  of  their  near 
relationship.  But  Hertwig  (Challenger  Report  of  the  Actini- 
aria,  p.  21)  is  even  inclined  to  believe  that  the  separation  of 
forms  with  a  skeleton  from  those  without  any  may  be  unnatural 
— that  the  various  families  of  corals  may  be  more  closely  related 
to  special  actinian  families  than  to  each  other.  In  other  words, 
he  advances  the  suggestion  that  members  of  several  Hexactinian 
families  have  independently  acquired  a  skeleton,  and  that  the 
group  of  corals  is  therefore  a  heterogeneous  assemblage  of  forms 
belonging  really  to  various  Hexactinian  families,  though  all  pro- 
vided with  a  skeleton.  A  strong  argument  against  this  view  of 
the  Madreporaria  is,  I  think,  afforded  by  a  study  of  the  mes- 
enterial filaments.  Porous  and  aporous  corals  alike  have  simple 
filaments,  but  actiniae  have  trifid  filaments. 

The  single  specimen  of  Hoplophoria  that  I  found  was  a  female. 
The  ovaries  are  developed  on  bat  four  mesenteries,  which  belong 
to  the  primary  cycle.-  Moreover,  if  pne  pair  of  the  directive 
mesenteries  be  assumed  to  be  ventral  and  the  other  to  be  dorsal, 
each  of  the  four  fertile  mesenteries  vrill  be  the  dorsal  member  of 
its  own  pair  (Fig.  3).  The  size  of  the  ovary,  as  is  seen  in  the 
true  section,  Fig.  4,  is  small. 

In  Fig.  3,  two  of  the  four  stinging  organs  are  shown  in  their 
proper  position.  They  are  diverticula  of  the  spaces  included 
between  mesenteries  of  the  second  order.  The  probable  position 
as  judged  by  surface  views,  of  the  other  two  organs,  is  indicated 
by  the  question  marks  (?)  on  the  opposite  side  of  the  diagram; 
The  reason  for  my  doubt  on  this  point  is  that,  having  but  a  single 


' 


382  HENRY  V.  WILSON. 

• 

Bpecimen,  I  was  forced  to  cut  off  two  of  the  stinging  organs  in 
order  to  get  transyerse  and  longitudinal  sectiong  of  them,  and  at 
the  same  time  have  the  column  of  the  animal  for  a  series  of 
transverse  sections.  The  diverticulum  which  constitutes  a  sting* 
ing  organ  resembles  in  general  that  which  forms  a  tentacle 
(Fig.  4).  In  one  important  respect,  however,  there  is  an  obvious 
difference.  Two  tentacles  (marginals)  are  never  derived  from  the 
same  intermesenterial  chamber.  But  the  chamber  to  which 
each  stinging  organ  belongs  gives  rise  immediately  above  it  to 
a  tentacle  (one  of  the  six  secondary  tentacles).  See  Fig.  6,  a 
vertical-longitudinal  section. 

In  the  living  animal  (Figs.  1  and  2)  the  back  of  the  stinging 
organ  has  a  brilliant  white  area,  which  is  very  well  defined. 
Transverse  (Fig.  5)  and  longitudinal  (Fig.  6).  sections  show  that 
this  area  is  a  nettle  battery.  The  remainine:  part  of  the  orecan 
has  one  important  peculiarity:  definite  longitudinal  muL 
tracts.  The  lining  endoderm,  as  in  the  rest  of  the  body,  is  made 
up  of  elongated  epithelium  cells,  packed  with  algae,  and  provided 
with  muscle  processes.  In  Figs.  5  and  6  both  endoderm  and 
ectoderm  are  thrown  into  folds,  because  of  the  contracted  condi- 
tion of  the  animal.  Beneath  the  nettle  battery  the  endoderm 
cells  are  lower  than  elsewhere,  and  are  not  thrown  into  folds, 
though  in  the  organ  shown  in  Fig.  5  contraction  has  drawn  them 
some  distance  away  from  the  ectoderm.  The  musculature  of 
the  stinging  organs  appears  to  be  exclusively  endodermal  and 
longitudinal.  There  may  be  scattered  transverse  fibres,  but  I 
could  not  observe  them.  The  fibres  belonging  to  the  endo- 
dermal area  just  beneath  the  battery  are  not  gathered  into  bands, 
but  elsewhere  (Fig.  6)  there  are  well  marked  longitudinal 
muscle  bands,  which,  however,  have  not  a  symmetrical  arrange- 
ment. The  ectoderm  of  the  organ  does  not  differ  from  the 
general  body  ectoderm,  except  in  the  region  of  the  nettle  battery, 
which  I  shall  now  describe. 

The  nettle  battery,  besides  the  nettle  cells  in  their  various 
stages  of  development,  contains  the  universally  present  support- 
ing cells,  and  a  very  few  gland  cells — both  the  slender,  granular 
gland  cell  and  the  swollen  mucus  cell.  The  perfect  nettle  cells 
are  very  large,  with  a  closely  and  regularly  coiled  filament, 
which  is  nearly  transparent.     I  could  not  detect  any  superficial 
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heap  of  protoplasm  or  a  nnclenB.  The  sectioDal  method  is  not  a 
very  good  one  for  the  study  of  the  development  of  such  things 
as  nettle  cells,  still  certain  points  come  out  clearly  enough,  and 
these  indicate  that  the  nettle  cells  in  the  actinia  battery  develop 
in  a  different  way  from  that  followed  by  the  nettle  cells  of 
Siphonophore  batteries. 

In  Siphonophores,  according  to  Bedot  (Rec.  Zool.  Suisse,  18S6 ; 
Jour.  Roy.  M.  S.  1887),  the  nematocyst  or  capsule  appears  as  a 
vacuole  in  the  mother  cell.  From  the  wall  of  the  vacuole 
grows  out  a  bud,  which  forms  the  filament.  The  transparent 
substance  filling  the  vacuole  condenses  round  its  periphery  to 
form  the  capsule  coat.  The  formation  of  a  capsule  takes  place 
in  quite  small  cells — in  sections  through  a  Physalia  battery  all 
sizes  of  capsules  are  found,  from  very  little  ones  up  to  the  large 
and  perfect  cysts,  ready  to  discbarge.  Now  in  the  actinia 
battery  nothing  of  this  kind  is  found.  There  are  no  very  small 
cysts  which  (as  in  Physalia)  increase  in  size  with  the  growth  of 
the  containing  cell ;  and  there  is  no  formation  in  the  cyst- 
producing  cell  of  a  vacuole  from  the  wall  of  which  the  filament 
grows  out  as  a  bud. 

In  the  actinia  the  wall  of  the  capsule  takes  the  stain,  the 
contents  remain  transparent  and  colorless.  Besides  the  ripe 
capsules  others  are  found  (a,  Fig.  5),  which  are  smaller  and  have 
a  concavity  on  one  side,  filled  up  by  a  heap  of  protoplasm. 
These  capsules  are  not  found  at  the  surface,  as  are  the  ripe  ones, 
but  lie  lower  down,  sometimes  with  their  long  axes  nearly 
tangential  to  the  surface.  They  are  of  graded  sizes,  but  none 
very  small.  The  contents  is  finely  granular  and  stains  well 
with  haematoxylin.  Each  capsule  contains  a  number  of  large 
granules,  which  stain  very  deeply.  Other  capsules  are  occasion- 
ally found,  such  as  aj.  Fig.  5,  the  contents  of  which,  though  taking 
a  decided  tint,  is  fiuid.  Such  capsules  contain  one  or  two  short 
and  very  irregularly  coiled  filaments,  which,  like  the  granules  in 
a,  take  a  deep  stain.  I  regard  x  as  an  intermediate  stage  between 
a  and  the  perfect  capsule.  The  granules  which  have  been 
formed  in  a  continue  to  increase  at  the  expense  of  the  finely 
granular  contents,  and  fuse  into  a  chain,  the  contents  being  by 
this  time  fiuid.  The  chain,  at  first  short  and  stainable,  gradu- 
ally changes  its  nature,  and  becomes  the  closely  coiled  and 
transparent  filament  of  the  ripe  cyst. 
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8.  Morphology  of  the  Stinging  Organs. 

The  stinging  organs  at  first  sight  would  seem  to  be  modified 
tentacles.  But  two  facts  negative  this  hypothesis.  In  the  first 
place  each  organ  is  derived  from  a  chamber,  which  also  gives 
rise  to  one  of  a  cycle  of  tentacles.  In  the  second  place  the  longi- 
tudinal muscular  system  of  the  tentacles  is  ectodermal  (Fig.  5), 
while  the  same  system  of  the  stinging  organs  is  endodermal. 

Another  homology  immediately  suggests  itself  which  is  more 
satisfactory.  In  certain  actinias,  just  below  the  tentacles  the 
lateral  body  wall  forms  a  circle  of  little  pouches,  known  as  mar- 
ginal sacs  (bourses  marginales,  randsackchen).  These  organs  are 
especially  conspicuous  in  Actinia  mesembryanthemum,  where 
they  are  of  a  bright  blue  color,  and  have  attracted  the  attention 
of  all  zoologists  who  have  busied  themselves  with  this  anemone. 
The  observers  who  preceded  the  Hertwigs  were  in  general  agreed 
in  ascribing  a  sensory  function  to  the  marginal  sacs.  Thus 
Schneider  and  Rotteker  (Ann.  and  Mag.  of  N.  H.,  vol.  VII)  and 
Dana  (Corals  and  Coral  Islands)  regarded  them  as  eyes.  Korot- 
neflf,  on  the  other  hand,  showed  they  were  not  eyes,  but  erred 
himself  in  concluding  they  were  special  touch  organs.  He 
describes  the  ectoderm  of  the  sacs  as  containing,  besides  nettle 
cells,  peculiar  touch  cells. 

The  Hertwigs  (Die  Actinien)  were  not  able  to  study  the  struc- 
ture of  the  marginal  sacs  in  Actinia  mes.,  but  carried  out  their 
investigation  on  a  closely  allied  form,  Anthea  cereus.  The 
pouches  turned  out  to  have  an  ectoderm  not  essentially  different 
from  that  of  the  rest  of  the  body.  Its  peculiarity  lay  in  the 
possession  of  a  large  number  of  nettle  cells.  Marginal  sacs,  then, 
are  small,  spheroidal  diverticula  which  arise  from  the  interseptal 
spaces  just  beneath  the  tentacles,  and  which  possess  an  ectoderm 
rich  in  nettle  cells.     They,  serve  as  weapons. 

In  the  matter  of  position  and  essential  structure  the  four 
stinging  organs  of  Hoplophoria  agree  with  the  marginal  sacs  of 
Actinia  mes.  The  large  size  and  the  high  development  of  the 
musculature  alone  mark  off*  the  former  from  the  latter,  and  I 
regard  the  two  structures  as  homologous.  The  ancestral  form  of 
Hoplophoria  very  probably  had  a  circle  of  small  sacs,  much  as  in 
Actinia  mes.,  just  beneath  the  tentacles.  As  the  habit  of  living 
in  a  hole  was  acquired,  certain  of  these  sacs  were  transformed 
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into  large  and  formidable  weapons,  which  were  of  use  in  keeping 
out  unwelcome  intruders.     The  remaining  sacs  were  lost. 

4.  Systematic  Position  of  Hoplophoria. 

If,  now,  we  come  to  the  question,  where  does  Hoplophoria 
belong,  the  answer  would  seem  to  be  with  the  Antheadae 
(Hertwig).  The  Antheadae  are  Hexactiniae  with  long,  simple, 
marginal  tentacles,  and  with  the  endodermal  circular  muscle  so 
feebly  developed  that  the  oral  disk  can  either  be  not  covered  at 
all  or  only  incompletely  covered.  Acontia  are  absent.  Ac- 
cording to  Hertwig,  the  numerous  septa  reach  for  the  most  part 
up  to  the  oesophagus,  and  probably  all  bear  reproductive  organs. 
Marginal  sacs  are  found  in  certain  members  of  the  family 
(Anthea  cereus.  Actinia  mes.) 

Now  as  respects  important  qualities,  such  as  the  character  of 
the  tentacles  and  the  oral  circular  muscle,  and  in  the  absence  of 
acontia,  Hoplophoria  agrees  with  the  above  description  of  the 
Antheadae.  In  certain  other  peculiarities  it  differs.  The  points 
of  difference  are  as  follows :  (1)  Possession  of  only  four  marginal 
sacs,  which  are  highly  developed.  (2)  Only  the  six  primary 
pairs  of  mesenteries  reach  the  oesophagus.  (3)  Only  four  mes- 
enteries bear  generative  organs. 

The  fact  that  the  undifferentiated  homologues  of  the  stinging 
organs,  where  they  are  found,  are  found  in  large  numbers  (as  a 
circle  of  marginal  sacs),  leads  one  to  believe  that  Hoplophoria 
has  been  derived  from  aT  form  with  a  circle  of  marginal  sacs. 
The  possession  of  the  stinging  organs  cannot  therefore  be 
regarded  as  of  high  classificatory  value. 

As  regards  the  second  point,  that  only  the  six  primary  pairs 
of  mesenteries  are  complete,  Hoplophoria  is  a  Sagartid ;  Hertwig 
(Challenger  Report)  regards  as  one  of  the  distinguishing  peculi- 
arities of  the  Sagartidae,  the  fact  that  only  the  six  primary  pairs  of 
septa  are  complete,  and  at  the  same  time  sterile.  It  is  obvious, 
however,  that  Hoplophoria  is  not  a  Sagartid ;  in  all  the  im- 
portant  qualities  above  enumerated  it  differs  from  this  family. 
The  inference  is  that  many  actinias  may  independently  acquire 
the  peculiarity  of  having  only  the  six  primary  pairs  of  septa 
complete.  This  point  cannot,  therefore,  be  of  high  classificatory 
value. 
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The  differentiation  of  four  septa  as  the  only  fertile  septa  is 
odd,  but  ought  not  to  exclude  an  animal  from  a  family  which  it 
resembles  in  several  important  points  of  structure.  The  power 
which  each  mesentery  of  an  actinia  primitively  possessed  of  devel- 
oping generative  organs  has  afforded  (as  in  other  cases  of  the 
multiplication  of  similar  parts)  an  open  field  for  the  play  of 
variation  and  selection.  The  differentiation  of  the  mesenteries 
into  sterile  and  fertile  has  taken  place  independently  in  several 
different  ways.  In  the  Sagartidae  only  the  secondary  (incom- 
plete) septa  are  fertile ;  the  primary  and  complete  septa  bear  no 
generative  organs.  In  Hoplophoria,  on  the  other  hand,  four  of 
the  primary  septa  have  been  singled  out  as  the  fertile  ones. 

The  three  peculiarities  which  place  Hoplophoria  apart  from 
the  Antheadae  have  now,  I  think,  been  shown  to  be  of  low  clas- 
sificatory  value ;  they  are  such  as  have  been  (2  and  3)  indepen- 
dently acquired  by  several  actinias,  or  (because  the  modification 
of  certain  of  a  large  number  of  similar  structures  is  so  common) 
may  be  (1)  so  acquired.  Our  anemone  is  therefore  to  be  regarded 
as  a  genus  of  the  Antheadae  which  has  been  derived  from  some 
such  form  as  Actinia  mesembryauthemum.  The  peculiarities  in 
the  possession  of  which  it  differs  from  such  a  form  are  adapta- 
tions to  its  habit  of  living  in  a  hole  excavated  in  coral  rock. 

Whether  there  is  any  relationship  between  Hoplophoria  on  the 
one  hand  and  the  Ophiodiscus  of  Hertwig  and  the  peculiar 
Lebrunia  neglecta  on  the  other,  cannot  as  yet  be  discussed. 
Prof  McMurrich  (Johns  Hopkins  Univ.  Circ.  No.  70)  includes 
Lebrunia  in  his  list  of  Bahamian  actiniae,  and  a  description  of 
this  interesting  form  will  no  doubt  be  given  in  the  paper  on 
the  actinias  of  the  Bahamas  which  Prof*  McMurrich  tells  us  he 
is  about  to  publish  in  the  American  Journal  of  Morphology. 

Baltimore,  A'^l  25,  1889. 

DESCRIPTION  OF  THE  FIGURES. 

Fig.  1.— Oral  view  of  the  living  animal,  X  20.  The  part  n.  h  of 
the  stinging  organ  is  the  battery  of  nettle  cells. 

Fig.  2. — Side  view  of  living  animal,  X  20. 

Fig.  3. — Diagram  of  animal  (complete  on  one  side),  showing 
position  of  stinging  organs  {St.  o),  arrangement  of  mesenteries 
and  tentacles  (4  cycles,  1,  2,  3,  4),  and  of  generative  organs.     Pair 
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of  directive  mesenteries  marked  D  is  assumed  to  be  dorsal,  opposite 
pair  ventral. 

Pig.  4. — Part  of  a  transverse  section  through  the  whole  column. 
8t  0  is  a  stinging  organ,  7  is  a  small  tentacle.  A  pair  of  mesen- 
teries of  each  cycle  is  present— one  of  the  primary  pair  (1)  is  fertile. 
Zeiss,  A  4. 

Fig.  5. — Transverse  section  through  the  middle  of  a  stinging 
organ.  Battery  of  nettle  cells  above.  To  the  right  is  a  small 
tentacle  in  transverse  section.    Zeiss,  A  4. 

Fig.  6. — Longitudinal  section  through  a  stinging  organ,  and  the 
tentacle  immediately  above  it.    Zeiss,  A  4. 
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NOTES  ON  THE  ANATOMY  OF  SIFUNCULUS 
OOULDII  FOURTALES.  By  E.  A.  ANDREWS. 
With  Plates  XLIV,  XLV,  XLVI,  XL VII. 

> 

The  following  observations  upon  the  anatomy  of  this  Sipuncu- 
lid  were  made  upon  material  obtained  at  Wood's  HoU,  Mass., 
while  I  enjoyed,  through  the  kindness  of  Prof.  M.  McDonald,  the 
privileges  of  the  laboratory  of  the  United  States  Commission  of 
Fish  and  Fisheries. 

The  original  name,  as  given  by  the  discoverer,  Pourtalds  (1), 
has  been  used  in  preference  to  Phascolosoma  OovZdii  of  Diesing 
(2,  3),  Baird  (4),  Keferstein  (5,  6),  and  others,  from  the  adoption 
of  the  generic  characters  as  emended  by  Selenka  (7). 

The  characters  of  the  species  are  well  given  by  Keferstein  and 
by  Selenka.  A  diagrammatic  sketch  of  the  general  architecture 
of  this  Sipnnculid  may  be  here  given  before  speaking  of  the 
habits  of  the  animal,  closely  associated  with  its  peculiar  structure. 

The  smooth,  cylindrical  body  in  the  expanded  condition  tapers 
at  each  end  and  measures  about  280  mm.  in  length  and  8  mm. 
in  greatest  diameter.  It  may  be  regarded  as  made  up  of  two 
cones  applied  base  to  base,  the  short  anterior  one  having  the 
simple  mouth  at  its  apex,  surrounded  by  outgrowths  acting  as 
branchisB ;  the  posterior  one  ending  in  a  closed  point  (Fig.  1). 
Two  nephridia  {R  N)  open  near  the  base  of  the  posterior  cone  at 
the  junction  of  the  lateral  and  ventral  aspects,  while  the  median, 
dorsal  anus  lies  somewhat  removed  from  the  base.  The  anterior 
cone  is  only  one-fifth  to  one-fourth  of  the  entire  length  of  the 
body,  and  joins  the  posterior  cone  without  any  abrupt  demarca- 
tion. In  contraction  the  anterior  cone  is  rolled  into  the  posterior 
one  by  successive  invagination  from  the  mouth  at  the  apex  to  the 
base  near  the  nephridial  openings.  There  then  remains  at  the 
base  of  the  posterior  cone  a  small  transverse  slit,  of  crescentric 
form,  convex  dorsally.  The  posterior  cone  also  becomes  shorter 
and  thicker  and  curved  more  or  less,  especially  at  the  anterior 
part,  so  that  the  anus  is  on  a  convex  dorsal  line. 
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The  anterior  cone  was  nsnallj  spoken  of  as  the  proboscis,  but 
is  now  preferably  called  the  introvert.  The  tough,  muscular 
body  wall  surrounds  a  large,  continuous  body  cavity  filled  with 
liquid ;  in  the  anterior  cone  it  is  not  as  thick  as  in  the  posterior. 
The  digestive  tract  hangs  in  a  loop  from  mouth  to  anus,  extend- 
ing down  near  to  the  apex  of  the  posterior  cone,  and  attached 
anteriorly  only  by  four  slender  threads,  two  on  the  right  ^nd  two 
on  the  left,  to  the  ventral  body  wall  (Fig.  1).  The  descending 
loop,  irom  the  mouth,  and  the  ascending  loop,  towards  the  anus, 
are  connected  with  one  another,  and  the  latter  to  a  muscular 
membrane  {IM\  about  which  both  loops  are  spirally  wound 
throughout  the  major  extent  of  the  posterior  cone.  The  nephri- 
dia  are  two  dark-colored  tubes  {RN)  as  long  as  the  anterior 
cone,  hanging  freely  in  the  body  cavity,  and,  like  the  digestive 
tract,  moved  back  or  forth  by  currents  of  liquid.  The  nerve  cord 
{IN)  along  the  median,  ventral  line  of  the  body  cavity  is  attached 
to  the  body  wall,  and  like  it  differs  in  the  two  cones :  at  the  apex 
of  the  anterior  cone  it  passes  around  both  sides  of  the  digestive 
tract,  to  end  in  a  median,  dorsal  ganglion.  The  branchiae  {Br) 
all  communicate  with  a  tubular  sac  closely  applied  to  the  dorsal 
surface  of  the  digestive  tract,  and  ending  blindly  in  the  anterior 
part  of  the  posterior  cone  (Fig.  1,  BU).  This  sac  contains  a 
colored,  corpusculated  blood.  The  anterior  cone  is  drawn  into 
the  posterior  one  by  four  retractor  muscles  {jRDJij  IiVR\ 
passing  from  the  apex  of  the  former  to  the  body  wall  in  the 
latter,  two  shorter  ones  being  attached  to  the  dorsal  surface  near 
the  base  of  the  posterior  cone,  two  much  longer  and  larger  ones 
to  the  ventral  surface  near  the  nerve  cord,  one  on  each  side. 
Along  the  posterior  faces  of  these  last,  where  attached,  and 
across  the  median  line  between  the  nerve  cord  and  body  wall, 
is  a  ridge  of  peritoneal  cells,  forming  the  eggs  in  the  female  and 
spermatozoa  in  ,tbe  male  {R  0). 

This  Sipunculus  is  very  abundant  in  certain  small  areas  of 
compact,  fine  sand  darkened  by  organic  matter  and  not  quite 
laid  bare  at  ordinary  low  tide.  In  such  places,  only  a  few 
square  meters  in  extent,  they  pierce  the  sand  in  all  directions  to 
a  depth  of  more  than  half  a  meter,  making  burrows  with  persist- 
ent lumen  running  from  the  surface  downward  and  then  later- 
ally, but  with  no  regularity  in  direction. 
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Kept  in  aqaaria,  the  dependence  of  the  animal  upon  the  nature 
of  the  aand  and  its  method  of  locomotion  may  be  readily  observed. 
A  vigorons  individual  buriee  itself  in  a  few  moments,  in  the 
following  manner :  Kunning  out  the  introvert  to  nearly  its  full 
extent  and  applying  it  to  the  surface  of  the  sand  till  some  spot 
of  less  resistance  is  found,  the  animal  still  farther  expands  the 
introvert  so  that  it  penetrates  the  sand,  provided  this  is  not  too 
dense  and  firm,  for  then  the  body  is  merely  shoved  backward. 
When  the  introvert  is  inserted,  the  contraction  of  the  longitudinal 
pausclos  of  the  body  wall  brings  the  whole  body  forward  some- 
what, in  ease  the  introvert  is  fixed  in  the  sand.  In  case  soft  ooze 
was  present,  this  fixation  did  not  take  place,  and  the  introvert 
was  merely  pulled  out  again,  but  when  the  sand  was  of  the  right 
consistency  the  introvert  was  fixed  by  becoming  much  swollen  at 
the  tip  and  then  constricted  just  posterior  to  this  swollen  area. 
This  bulb-like  area  exerts  lateral  pressure  on  the  sand,  as  could 
be  seen  by  movements  of  the  grains.  The  swelling  of  the 
anterior  end  of  the  introvert  is  broDght  about  by  the  body  wall 
contracting  elsewhere  and  forcing  in  liquid  to  distend  that  end. 
Owing  to  the  curved  form  assumed  by  the  body  in  the  normal 
contracted  state  when  first  removed  from  its  burrow,  the 
entrance  of  the  introvert  may  often  be  nearly  vertical,  and 
hence  the  entire  body  is  soon  raised  nearly  upright  in  the  water 
above  the  sand.  If  the  body  has  thus  been  warped  forward 
sufficiently  to  become  somewhat  fixed  in  the  sand,  the  introvert 
is  rolled  in  and  again  thrust  forward  from  this  new  point  of 
resistance,  and  so  on  till  the  animal  is  entirely  buried.  This 
locomotion  increases  in  speed  as  the  creature  becomes  more 
completely  surrounded  by  sand,  and  is  the  only  means  of  moving 
from  place  to  place. 

On  a  smooth  surface  or  on  one  not  presenting  the  right  degree 
of  resistance  the  Sipunculus  does  not  change  its  position,  but 
remains  till  death  finally  occurs,  rolling  its  introvert  in  and  out 
and  contracting  its  body  wall  to  no  purpose. 

The  essential  factors  in  the  mechanism  bringing  about  this 
Aydrostaiic  locomotion  are  an  elongated,  contractile  sac  filled 
with  liquid,  and  some  means  of  definitely  co-ordinating  the  con- 
tractions of  the  sac. 

In  natural  environment  the  animals  are  found  with  sometimes 
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one,  sometimes  the  other  end  nearer  the  surface  of  the  sand :  in 
the  aquaria  the  same  was  observed,  but  when  the  water  became 
stagnant  and  impure  the  anterior  end  with  expanded  branchiss 
was  often  protruded  somewhat  above  the  surface  of  the  sand. 

Body  Wall. 

In  this  we  recognize  three  chief  concentric  regions,  the  cuticle, 
the  epidermis,  and  the  muscle  layers  with  their  peritoneal  cover- 
ing (Fig.  8). 

Cuticle  {Ct). — This  forms  a  thick,  tough  covering  to  the  body, 
presenting  the  physical  appearance  of  chitin,  but  dissolving  in 
boiling  KOH,  and  probably  not  identical  with  the  chitin  of 
the  Crustacea.  It  is  easily  thrown  into  wrinkles  and  folds, 
and  has  much  the  same  structure  as  in  the  Chaetopoda.  A 
homogeneous  matrix  is  penetrated  by  innumerable,  very  delicate 
fibrils  that  are  arranged  in  an  external  and  a  more  internal 
system,  the  two  extending  nearly  at  right  angles  to  one  another. 
On  the  worn  outer  surface  the  ends  of  such  fibrils  may  project 
somewhat,  as  short  irregular  lines. 

On  tearing  off  the  cuticle  it  is  found  divided  by  folds  or  creases 
into  quadrate  areas  about  100  x  ISOyu,  each  with  a  central  conical 
depression  90//  wide,  opening  at  its  apex  onto  the  external  surface 
of  the  body  through  the  thin  part  of  the  cuticle  present  there. 
These  conical  pits  in  the  thick  cuticle  correspond  to  elevations 
of  the  epidermis  upon  which  the  cuticle  is  moulded,  while  the 
minute  openings  at  the  apex  are  places  in  which  the  epidermis 
comes  to  the  surface  with  no  cuticular  covering. 

Epidermis  {-£}?). — This  may  be  regarded  as  a  single-layered 
epithelium,  specially  modified  to  form  a  peculiar  organ  in  each 
of  the  above  pits  in  the  cuticle,  and  having  the  inner  ends  of  its 
cells  imbedded  in  a  nearly  homogeneous  matrix  that  intervenes 
between  them  and  the  muscles  of  the  body  wall,  and  which  may 
be  demonstrated  as  forming  irregular  ridges  and  elevations  when 
the  epidermis  is  macerated  off.  The  cells  of  this  single  epider- 
mal layer  are  somewhat  pyramidal,  their  external  bases  forming 
a  close  mosaic  of  polygonal  outlines  as  seen  from  the  outer 
surface,  while  their  internal  ends  are  somewhat  separated  and 
pointed.  The  large  nuclei  are  nearer  the  external  than  the 
internal  ends,  and  the  cell  protoplasm  is  full  of  yellow  pigment 
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grannies.  When  the  epidermis  is  thrown  into  folds  or  stretched, 
the  shape  of  the  epidermal  cells  apparently  also  changes. 

Epidermal  Organs. — These  swollen,  conical  masses  of  epi- 
dermal cells  rising  above  the  mnscnlar  layers  to  occupy  the 
above-mentioned  excavations  in  the  cuticle  are  very  thickly  and 
irregularly  scattered  all  oveij  the  body  (Fig.  2).  At  the  anterior 
and  posterior  ends  of  the  animal  these  organs  are  small  and  of 
uniform  size,  but  in  the  middle  region  they  vary  from  30/£  to  80/i. 
Here  they  cause  but  little  elevation  of  the  cuticle  externally, 
while  in  the  former  regions  they  project  as  evident  papillae 
above  the  general  surface  of  the  body.  Where  the  body  wall  is 
contracted  each  organ  is  circular  in  outline ;  where  expanded, 
drawn  out  transversely  into  an  elliptical  outline. 

In  structure  these  organs  present  three  different  forms : 

1.  The  largest  organs  are  made  up  of  many,  perhaps  twenty, 
granular,  elongated  cells  closely  crowded  together  to  form  a 
somewhat  pear-shaped  mass,  with  the  narrower  part  passing 
externally  into  the  ordinary  epidermis  which  lines  the  conical 
excavation  in  the  cuticle  (Fig.  3,  Ep  OV).  Each  cell  has  a  small 
nucleus  in  its  lower  portion  and  an  elongated  vacuole  with  sharp, 
definite  walls  in  its  outer  portion,  extending  throughout  about 
one-half  the  length  of  the  cell  (Fig.  7,  A).  The  contents  of  these 
vacuoles  or  sacs  is  homogeneous,  watery,  and  stains  violet  with 
methyl  green  when  the  protoplasm  stains  blue.  The  cells  are 
so  crowded  that  the  superficial  ones  are  bent  over  the  central 
ones,  bringing  all  their  external  ends  to  one  point  where  ends 
a  minute  tubule,  apparently  an  ingrowth  of  the  cuticle  and  stiff. 
The  sharp  wall  of  the  vacuoles  ends  near  this  point,  and  it 
appears  as  if  a  communication  might  here  take  place  from  the 
vacuole  to  the  tubule  or  duct.  The  inner  ends  of  the  cells  have 
delicate  processes  (Pr)  attached,  which,  as  the  rounded  inner 
end  of  the  organ  is  connected  with  the  nerve  plexus  of  the  body 
wall  (Fig.  3),  may  be  regarded  as  nerve  processes. 

2.  Among  the  smaller  organs  are  many  (Fig.  3,  Ep  01)  made 
up  each  of  a  few — ^less  than  ten — large  pear-shaped,  sac-like 
cells  filled  with  large  refractive  protoplasmic  granules  so  closely 
packed  as  to  be  angular.  The  nuclei  are  in  the  lower  rounded 
ends  of  these  cells,  while  the  outer  ends  taper  to  slender  pro- 
cesses extending  out  to  the  surface  of  the  body  (Fig.  7,  C). 
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Both  the  above  kinds  of  organs  may  be  regarded  as  glands, 
though  no  conspicuous  mncons  or  other  secretion,  odor,  taste  or 
reaction  to  litmus  paper  could  be  perceived  on  the  surface  of 
the  animal.  In  teased  preparations  small  collections  of  granular 
matter  were,  however,  sometimes  seen  at  the  external  openings 
of  these  bodies. 

They  are  all  imbedded  in  a  connective  tissue  jelly  (Fig.  8, 
Sep\  and  have  delicate  coats  of  connective  tissue  with  some 
indications  of  nuclei.  This  connective  tissue  appears  to  extend 
in  between  the  large  cells  of  the  second  sort  of  gland. 

3.  At  the  anterior  and  posterior  extremities  of  the  body  some 
of  the  organs  in  the  papilla-like  elevations  have  a  different,  non- 
glandular  structure.  Each  is  a  collection  of  numerous  elongated 
slender  cells  with  large  nuclei;  the  peripheral  cells  of  the 
elongated  mass  being  more  or  less  flattened  to  serve  as  an 
envelope  to  the  slender  central  cells  (Fig.  7,  B^  h).  These  latter 
(a)  end  externally  in  slender  processes  extending  towards  or 
probably  to  the  outer  surface  of  the  body,  and  internally  in  very 
delicate  processes,  probably  nervous. 

The  entire  organ  may  be  regarded  from  its  position,  connection 
with  nerve  plexus  and  structure,  as  a  sense-organ. 

An  examination  of  the  epidermis  in  r^enerating  posterior 
tips  of  mutilated  animals  leads  one  to  infer  that  all  three  kinds 
of  epidermal  organs  arise  merely  as  solid,  plug-like  ingrowths  of 
the  undifferentiated  epidermis. 

Muscular  Layers. — The  main  thickness  of  the  body  wall  is 
made  up  of  two  systems  of  muscle  fibers,  a  thinner  outer,  trans- 
verse  series  (Fig.  8,  C  M)  and  a  thicker  inner  longitudinal  series 
(Z  M).  In  the  extreme  posterior  tip  of  the  body  and  in  the 
introvert  the  muscular  layers  are  reduced  in  thickness ;  the  longi- 
tudinal  system  especially  in  the  latter  region,  where  it  forms  a 
delicate  continuous  sheet,  though  elsewhere  divided  into  thirty 
or  forty  longitudinal  ridges  or  bands  separated  more  or  less  com- 
pletely by  deep  longitudinal  grooves  (Fig.  1).  These  grooves 
are,  however,  crossed  by  frequent  oblique  bundles  of  fibers 
passing  from  one  ridge  to  another. 

The  muscle  fibers  are  very  long  and  pointed  at  each  end. 
Each  has  a  granular  nucleus-like  mass  of  protoplasm  imbedded  in 
it  midway  between  the  ends,  forming  an  eccentric  axis  at  that 
point. 
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Some  cases  were  observed  in  which  the  fiber  bifurcated  at  the 
center,  each  of  the  resalting  three  prongs  containing  some  of  this 
granular  material. 

The  rest  of  the  fiber  is  homogeneous  and  highly  refracting, 
but  may  be  resolved  into  many  longitudinal  fibrillsB  by  macera- 
tion in  chromic  acid. 

The  fibers  in  the  external  part  of  each  system  are  smaller  and 
more  crowded  than  in  the  internal  portion,  and  conspicuously 
arranged  in  radiating  lines,  separated  by  some  connective  tissue 
matrix ;  when  seen  in  mass  they  have  a  beautiful,  silky  lustre. 

Internally  the  peritoneum  (P)  forms  a  delicate  layer,  cover- 
ing the  longitudinal  muscles  and  extending  into  the  longitudinal 
grooves  between  the  muscular  ridges. 

Peripheral  Nerves. — The  body  wall  is  supplied  with  a  very 
ricli  meshwork  of  nerves  that  are  arranged  in  three  concentric 
(Sylinders  with  radiating  connections  (Fig.  83).  Between  the 
circular  and  longitudinal  muscles  there  passes  around  the  body 
a  system  of  large  nerve  rings,  completed  ventrally  by  their  origin 
from  the  nerve  cord  and  also  bv  smaller  nerves  between  the 
above  muscle-layers  (Fig.  22,  CVi).  On  the  peritoneal  surface  of 
the  longitudinal  muscles  is  a  second  system  of  nerves,  forming 
there  a  delicate  reticulum  (Fig.  9).  On  the  external  surface  of 
the  circular  muscles,  next  to  the  epidermis,  is  a  very  intricate 
reticulum  of  nerves  with  larger  longitudinal  trunks  (Fig.  26). 

The  last-mentioned  reticulum  gives  off  numerous  tadiating 
nerves  inward  to  the  circular  muscles,  and  these  in  turn  have 
branches  passing  transversely  among  and  along  the  muscle  fibers. 

The  first-mentioned  system  of  circular  nerves  gives  off  numer- 
ous radiating  branches,  passing  inward  in  the  longitudinal 
muscles  to  connect  with  the  reticulum  on  the  peritoneal  surface 
of  these  muscles,  and  giving  off,  on  the  way,  numerous  longitu- 
dinal branches  among  and  along  the  fibers. 

With  reference  to  the  muscles  there  are  thus  two  chief  sets  of 
nerves :  the  sub-epidermal  longitudinal  branches  of  a  reticulum ; 
the  inter-muscular  series  of  circular  nerves  connected  with  the 
ventral  nerve  cord.  Each  set  lies  external  to  and  at  right  angles 
with  the  fibers  that  it  ultimately  supplies  by  means  of  radiating 
branches  and  respectively  circular  and  longitudinal  sub-branches. 

These  two  sets  of  nerves  are  in  turn  connected  with  each  other 


396  E.  A.  ANDREWS. 

by  radiating  branches  passing  outward  from  the  circular  nerve 
trunks  through  the  transverse  muscles  to  unite  with  the  main 
longitudinal  nerves  of  the  sub-epidermal  reticulum.  The  entire 
muscular  body  wall  is  thus  penetrated  by  a  complex  plexus  of 
nerves  connected  ventrally  with  the  nerve  cord,  as  will  be 
described  later  (Fig.  33,  22). 

The  sub-epidermal  plexus  sends  nerves  to  the  epidermal  organs. 

The  inter-muscular  plexus  innervates  the  muscles :  fine  branches 
passing  along  the  fibers  and  finally  ending  in  minute  swellings, 
after  branching  somewhat  on  the  sides  of  the  individual  fibers. 
These  minute  tenninal  swellings  were  seen  only  in  gold  prepa- 
rations and  appear  to  be  motor  plates,  though  no  structure  was 
made  out. 

Body  Cavity. 

This  large  space  has  projecting  into  it  the  digestive  tract,  the 
nephridia,  the  nerve  cord  and  the  reproductive  organs  (Fig.  1). 
It  is  lined  throughout  by  a  thin  membrane  of  fiat  cells  with 
irregular  outlines,  as  shown  by  silver  nitrate  (Fig.  8) ;  these, 
perhaps,  changing  in  complexity  in  various  conditions  of  tension 
of  the  cells  in  movements  of  body  wall,  etc.,  being  often  ex- 
tremely sinuous  and  interdigitated.  The  nuclei  of  these  cells 
project  slightly  into  the  body  cavity  above  the  general  level  of 
the  thin  cell  body.  Some  of  the  nuclei  are  associated  with 
granular  protoplasm  bearing  tufts  of  numerous  long  cilia,  these 
ciliated  cells  being  irregularly  scattered  all  over  the  body  walls, 
nephridia,  digestive  tract  and  retractor  muscles,  but  not  present, 
as  far  as  could  be  determined,  upon  the  nerve  cord  and  its 
branches,  nor  upon  the  connective  tissue  strands  supporting  the 
intestine.  Special  modifications  of  these  peritoneal  cells  will  be 
described  in  connection  with  the  "  pseudostomata "  of  the 
digestive  tract. 

Contents  of  Body  Cavity. — The  body  cavity  is  filled  with 
liquid,  in  which  are  various  solid  elements,  in  addition  to  the 
chloragogue  cells  that  project  from  the  peritoneum. 

These  latter  form  an  easily  removable  layer  of  delicate  cells 
(Fig.  23,  21,  Che) J  more  or  less  completely  clothing  the  intestine 
and  projecting  from  the  peritoneal  layer  into  the  body  cavity. 
They  vary  much  in  form,  are  often  club-shaped,  about  36//  x  6//, 
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"with  nnclens  2//,  and  often  completely  filled  with  bright  yellow 
Bphernlee  less  than  Ifi  in  diameter.  Similar  cells  occur  scattered 
on  the  connective  tissue  strands  supporting  the  intestine ;  while 
on  the  nerve  cord  there  are  scattered  yellow  granules  and  aggre- 
gates of  such  about  the  nuclei  of  a  few  scattered,  granular  cells 
that  appear  much  like  the  ciliated  peritoneal  cells,  and  dificr 
from  true  chloragogue  cells  in  containing  the  yellow  pigment  in 
the  form  of  much  more  minute  granules. 

There  thus  seems  to  be  a  correlation  between  presence  of 
yellow  pigment  cells  and  absence  of  ciliated  cells  on  the  perito- 
neum. 

The  solid  elements  freely  floating  in  the  liquid  of  the  body 
cavity  include  two  sorts  of  corpuscles,  male  or  female  cells,  and 
a  peculiar  element  of  unknown  significance. 

The  most  numerous  corpuscles  give  the  pink  color  to  the 
liquid  of  the  body  cavity  (Fig.  16,  C).  Each  is  a  disk,  slightly 
biconvex,  nearly  circular,  measuring  6  to  24//  in  diameter  and 
about  Zfx  in  thickness,  transparent,  refracting,  and  homogeneous 
when  fresh,  slightly  yellow  seen  singly,  and  apparently  of  the 
same  consistency  as  a  vertebrate  red  corpuscle.  Like  these  they 
are  highly  elastic,  returning  to  the  average  shape  after  being 
drawn  out,  by  currents,  etc.,  into  greatly  elongated  forms. 
Reagents  reveal  a  granular,  eccentric  nucleus,  while  the  surface 
may  become  crenated  as  in  mammalian  red  corpuscles.  The 
number  of  these  corpuscles  is  indicated  by  the  average  of  deter- 
minations by  the  hsemacytometer  from  four  individuals.  This 
was,  in  round  numbers,  90,000  colored  corpuscles  per  cubic 
millimeter,  or,  as  there  is  about  one  cubic  centimeter  of  body 
cavity  liquid  in  an  average  individual,  90,000,000  colored  cor- 
puscles for  the  entire  animal. 

The  second  sort  of  corpuscle  (C^')  is  the  granular,  amoeboid, 
white  corpuscle,  which  occurs  in  much  less  numbers.  Estimated 
as  above  there  are  only  3000  per  cubic  millimeter ;  but  this  is 
probably  too  small  an  estimate,  from  the  fact  that  these  cells 
adhere  to  the  glass  and  also  in  part  break  down  rapidly.  They 
vary  in  size  through  about  the  same  limits  as  the  colored  cor- 
puscles, but  are  usually  smaller,  granular,  nucleated  cells  with 
stiff,  clear  pseud  opodia. 

The  less  numerous  larger  ones  seem  to  form  a  distinct  variety 
full  of  definite,  rounded  or  elongated  granules  {C). 
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The  third  solid  element  {Oc)  may  be  called  the  "giant  cor- 
puscle," as  it  measures  32  to  123/u  in  diameter,  with  a  thickness 
of  42/<  in  the  largest.  They  have  the  same  shape  as  the  colored 
corpascle,  bat  are  colorless  and  enveloped  in  a  membrane-like 
outer  coat  that  contains  one  to  nine  naclei  with  innumerable 
radiating  and  anastomosing  lines,  which  may  be  protoplasmic, 
though  appearing  more  like  ridges  in  the  membrane.  When 
fresh  these  corpuscles  are  very  transparent  and  have  much  the 
same  consistence  as  the  colored  corpnscles. 

These  are  found  in  both  males  and  females,  and  are  less 
numerous  than  the  amoeboid  corpuscles.  That  they  have  some 
relation  to  the  colored  corpuscles  is  suggested  by  their  similar 
consistence  and  shape.  In  the  female,  eggs  in  various  stages  of 
growth  are  found  floating  in  the  body  cavity,  often  in  great 
quantities;  though  in  one  estimate  less  numerous  than  white 
corpuscles,  they  may  exceed  that  number,  I  judge.  The  smallest 
measure  24/i,  with  a  nucleus  12/f^  and  are  spheres  with  definite 
outline  and  granular  protoplasm  containing  some  of  the  yellow- 
ish granules  subsequently  so  characteristic  of  the  egg. 

Floating  thus  free  in  body  cavity  liquid  the  egg  grows  to  be 
50/£  before  the  nucleus  is  obscured  by  the  accumulation  of 
granules.  Later  an  almost  invisible  gelatinous  case  is  formed 
around  the  opaque,  granular,  brownish  egg ;  one  measuring  lOO^u 
has  a  case  6/i  thick.  The  gelatinous  envelope  increases  in  thick- 
ness in  the  same  ratio  as  does  the  egg.  Eggs  that  are  apparently 
ripe  (Fig.  14,  0)  have  a  diameter  of  nearly  200/i,  and  are  encased 
in  a  vitelline  membrane  {z)  S/i  thick,  penetrated  by  radial  pores, 
through  which  delicate  pseudopodia-like  processes  pass  out  into 
the  outer  gelatinous  envelope  (P),  which  may  be  12fi  thick,  and 
seems  to  aid  in  the  adhesion  of  the  eggs  to  foreign  objects  when 
removed  from  the  body. 

In  the  male  the  body  cavity  contains  innumerable  spermatozoa 
in  process  of  formation  or  complete,  and  sometimes  moving 
before  exposure  to  sea  water  (Fig.  14,  S).  An  attempt  to  esti- 
mate them  by  the  hsemacytometer  indicated  that  one  cubic 
millimeter  may  contain  1,700,000  perfect  spermatozoa.  As  in 
the  preceding  cases,  these  estimates  are  subject  to  very  great 
error;  but  the  actual  number  of  spermatozoa  present  is  sufficient 
to  make  the  entire  body  cavity  liquid  turbid  and  milky  white. 
Each  spermatozoon  has  a  top-shaped  head  4  z  2/u,  with  tail  60/i. 
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The  liquid  part  of  the  contents  of  the  body  cavity  ia  clear, 
colorleBs,  somewhat  heavier  than  gea  water,  having  a  strongly 
salt  taste  and  neutral  reaction,  and  producing  a  heavy  precipi* 
tate  with  silver  nitrate. 

When  removed  from  the  body  it  clots  very  quickly.  The  clot 
is  a  gelatinous  one,  formed  independently  of  any  colored  cor- 
puscles, and  contains  fine  fibrils  having  the  appearance  of 
fibrin.  When  the  clot  is  formed  under  the  cover-slip,  the  larger, 
granular,  amoeboid  corpuscles  spread  out  peeudopodia  that  unite 
ivitli  those  of  other  corpuscles,  while  the  smaller  amoeboid 
remain  in  normal  condition.  Soon  the  larger  corpuscles  seem  to 
break  down  and  to  lose  their  peculiar  granules.  The  fibrin 
filaments  often  radiate  from  clear  masses,  appearing  as  if  formed 
from  the  broken-down  larger  sort  of  amoeboid  corpuscle. 

Bbanohia  and  Yaboulab  Systbm. 

The  branchifiB,  or  tentacles  (Fig.  11),  form  a  circular  group  of 
processes  around  the  mouth,  projecting  forwards  and  outwards 
when  expanded,  so  as  to  present  a  similarity  to  the  tentacles  of 
an  actinian ;  and  closely  crowded  in  a  circular  mass  on  the  inside 
of  the  introvert  when  it  is  withdrawn,  then  appearing  somewhat 
in  clusters  at  the  ends  of  longitudinal  ridges  passing  into  the 
mouth. 

When  the  mouth  is  closed  and  the  branchise  expanded,  the 
body  wall  passes  over  into  the  digestive  tract  by  a  disk-like  area 
or  evaginated  lip,  on  which  fleshy  ridges  radiate  out  to  the 
branchiffi  about  the  edge  of  this  disk-like  area.  Of  these  ridges 
radiating  out  from  the  closed,  terminal  mouth  there  are  two 
chief  ones,  dorsal  and  ventral  on  the  median  line,  two  ventro- 
lateral of  less  size,  two  dorso-lateral  yet  smaller,  and  interpolated 
between  these  six  two  sets  of  more  peripheral  radiating  eleva- 
tions; the  chief  set  counting  six  ridges,  the  subordinate  set 
having  a  greater  number  arranged  between  the  others,  so  that 
there  would  be  twelve  if  this  set  were  complete  all  around  the 
circle  (Fig.  12).  The  ridges  end  peripherally  in  a  continuous 
circular  membrane  bearing  the  branchisB  as  outgrowths  of  its 
free,  anterior  margin  and  extending  centrally  as  the  outer  part 
of  each  ridge,  which  thus  bears  a  double  row  of  branchiae  peri- 
pherally, each  row  being  continuous  with  the  adjacent  row  of  the 
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next  ridge.  The  branchiee  thus  appear  arranged  in  clusters 
corresponding  to  the  chief  ridges  (Fig.  11).  Their  arrangement 
may  be  better  expressed  by  supposing  them  to  be  outgrowths  of 
a  circular  membrane  that  has  been  tucked  in  towards  the  central 
mouth-opening  along  certain  radiating  lines,  where  it  forms 
ridges  on  the  everted  lip,  some  of  which  come  nearer  to  the 
center  and  bear  more  branchiae,  others,  but  slightly  infolded  from 
the  periphery,  bear  few  branchiss  (Fig.  12). 

The  branchise  are  symmetrically  arranged ;  a  median  dorsal 
free  part  of  the  membrane  bearing  no  branchisd  is  distinguished 
from  the  median  ventral  part:  the  right  and  the  left  series  are 
in  the  main  alike. 

The  entire  number  of  branchise  may  be  as  great  as  200,  nearly 
equally  distributed  right  and  left.  Of  these  the  longest  are  on 
the  ridges  and  nearest  the  month,  the  shortest  are  peripheral,  on 
the  membrane  where  joining  adjacent  ridges. 

In  the  youngest  individual  obtained,  which  measures  13  mm. 
in  entire  length  and  H  mm.  in  greatest  diameter,  the  branchisB 
are  arranged  in  a  simple  row  arising  from  a  circular  membrane 
that  presents  a  marked  dorsal  median  region  free  from  branchisB 
and  a  similar  median  ventral  one.  On  each  side  there  are  only 
twelve  short  branchiae,  twenty-four  in  all. 

Each  branchia  or  branchial  filament  is  a  blunt,  elongated 
process,  somewhat  flattened,  hollowed  out  by  a  longitudinal 
ciliated  groove  along  its  inner,  oral,  side  and  convex  on  the 
opposite  side,  so  as  to  present  a  triangular  transverse  section. 
During  life  the  branchiaB  vary  much  in  size  and  form  as  well  as 
position  of  tip,  being  muscular  and  highly  conjtractile. 

A  rapid  current  of  blood  passes  up  to  the  tip  of  each  through 
two  lateral  channels,  and  there  turns  back  to  the  base  of  branchia 
through  a  single  median  channel  along  the  convex  face.  Besides 
the  main  communication  between  these  three  channels  at  the 
tip  there  are  numerous  irregular,  lateral  openings  from  the 
median  to  each  lateral  channel,  through  which  some  blood  passes 
into  the  median  channel.  In  each  lateral  channel  numerous  trans- 
verse, incomplete  partitions  project  from  the  grooved  face  of  the 
branchia  towards  the  convex  face  and  form  pockets  or  chambers,  in 
which  some  of  the  blood  circulates  in  whirlpools  before  passing 
along  towards  the  tip  with  the  main  stream. 
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The  strnctnre  of  the  branchise  is  as  follows:  The  thin  cuticle 
covers  a  single  layer  of  epithelial  cells,  which  are  ciliated  only 
on  tlie  concave  oral  surface  and  are  there  also  elongated,  while 
over  the  convex,  aboral  surface  they  are  not  ciliated  and  nearly 
cubical  towards  the  base  of  the  branchia,  but  passing  over  into 
the  columnar  cells  towards  the  tip.  The  elongated  cells  of  the 
ciliated  surface  bear,  each,  large  numbers  of  cilia ;  some  of  these 
cells,  however,  are  unicellular  glands  and  irregularly  scattered 
amongst  the  ciliated  cells.  The  main  mass  of  the  branchia  is 
made  up  by  the  three  large  blood-vessels,  lined  by  a  membrane 
with  prominent  nuclei  and  occasional  cells,  with  tufts  of  cilia. 
This  membrane  closely  resembles  the  peritoneum;  its  cilia  cause 
the  violent  currents  of  blood  corpuscles  in  definite  circulatory 
order.  Between  these  vessels  and  the  epithelium  there  is  a  layer 
of  connective  tissue  having  a  matrix  filled  with  fine  fibers,  circu- 
lar, longitudinal  and  radial,  and  many  cells,  some  of  which  have 
fine  processes.  These  fibers  appear  to  act  as  muscles,  as  the 
branchiae  are  highly  contractile. 

Branching  nerves  pass  through  the  same  connective  tissue, 
springing  chiefly  from  a  large  longitudinal  median  trunk  close 
to  the  epithelium  at  the  bottom  of  the  oral  furrow. 

When  the  branchise  are  fully  expanded  they  stand  in  radiating 
rows,  so  that  the  concave  side  is  not  necessarily  turned  towards 
the  mouth,  but  opens  at  its  base  into  a  radial  furrow,  between 
successive  infoldings  of  the  circumoral  membrane  (Fig.  11),  and 
its  cilia  are  thus  continuous  with  the  ciliated  surface  of  the 
evaginated  lip  or  oral  disk. 

The  oral  or  concave  surface  of  the  branchise  is  thus  only  a 
continuation  of  the  lining  of  the  mouth,  and  dififers  much  from  the 
convex,  outer  surface,  which  in  turn  is  a  continuation  of  the 
outer  layer  of  the  body  wall. 

Yascular  System. — The  three  longitudinal  vessels  in  each 
branchial  filament  open  into  a  complex  network  of  vessels  in  the 
oral  disk,  which  network  is  continued  around  the  epithelium  of 
the  digestive  tract,  imbedded  in  connective  tissue,  as  far  as  the 
pharynx  extends  or  to  the  commencement  of  the  oesophagus. 
Just  anterior  to  the  nerve  commissures,  however,  this  network 
opens  into  a  larger,  circular  vessel  surrounding  the  pharynx  and 
ending  dorsally  in  a  median  enlargement  just  ventral  to  the 
brain  (Fig.  32,  BU). 
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From  thiB  enlarged  blood  space  a  median  dorsal  vesfiel  passes 
back  along  the  pharynx  and  the  odsophagus  to  its  posterior  end. 
This  latter  portion  of  the  dorsal  vessel  forms  the  peculiar  blood 
sac  attached  along  the  dorsal  snrfaoe  of  the  oesophagns  bnt 
otherwise  surrounded  by  the  body  cavity  fluid  (Fig.  1).  When 
the  oesophagus  is  contracted  and  empty  this  blood  sac  may  have 
an  equal  diameter  and  is  conspicuous  from  its  peculiar  red  color, 
due  to  the  great  numbers  of  red  corpuscles  contained  in  it. 
Externally  the  sac  is  covered  by  the  peritoneum  with  ciliated 
cells  and  chloragogue  cells ;  internally  it  has  the  same  nucleated 
membrane  as  the  vessels  in  the  branchise,  and  also  scattered  tufts 
of  cilia  which  keep  the  blood  corpuscles  in  constant  motion. 
Between  these  two  layers  is  a  very  thin  layer  of  connective 
tissue,  in  which  are  many  transverse  or  circular  fibers  arising 
from  the  ventral  side,  where  the  connective  tissue  is  continuous 
with  that  in  the  wall  of  the  odsophagus.  As  the  peritoneum 
continues  over  both  sac  and  cesophagus  also,  the  sac  may  be 
regarded  as  a  greatly  enlarged  vessel  hollowed  out  in  the  con- 
nective tissue  part  of  the  wall  of  the  oesophagus  as  the  other 
vessels  are  in  the  wall  of  the  pharynx  and  in  the  branchise. 

The  circular  fibers  of  the  sac  are  contractile  and  cause  irregular 
constriction  of  the  walls,  so  that  the  sac  presents  rounded  lateral 
pouches,  which  are  not  permanent. 

The  whole  sac  is  somewhat  contractile,  and  pulsates  even  after 
the  blood  is  removed.  At  the  posterior  end  the  sac  presents  a 
bliint,  sudden  rounded  termination  (Fig.  1,  BU)^  with  no  connec* 
tion  with  the  body  cavity  that  could  be  found. 

The  contents  of  all  the  above  vessels  is  a  liquid  that  coagulates 
rapidly  and  contains  three  kinds  of  corpuscles  like  those  in  the 
body  cavity;  but  it  has  none  of  the  giant  cells.  No  sperma- 
tozoa nor  egg  were  found  in  these  vessels,  or  other  evidence  of 
any  connection  with  the  body  cavity. 

Moreover,  the  red  corpuscles  are  smaller  than  the  average  of 
those  in  the  body  cavity  (Fig.  16),  10  to  16/i  wide  and  4r/i  thick, 
and  much  more  numerous  in  a  given  volume,  about  seven  times, 
as  indicated  by  the  hsemacytometer.  The  nuclei  are  generally 
larger  relatively,  and  often  absolutely,  than  in  the  red  corpuscles 
of  the  body  cavity. 
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The  Digestive  Tbact. 

This  forms  a  tube  of  nearly  nniform  diameter  from  mouth  to 
anus,  prolonged  posterior  to  the  latter  opening  as  a  loop  that 
reaches  nearly  to  the  posterior  tip  of  the  body,  and  is  spirally 
wound  from  left  to  right  about  forty  times. 

Six  regions  may  be  distinguished :  (1)  Pharynx,  (2)  oesophagus, 
(3)  stomach,  (4)  descending  intestine,  (5)  ascending  intestine,  (6) 
rectum. 

The  pharynx  is  the  short  buccal  cavity  or  part  into  which  the 
branchiae  are  withdrawn,  and  suddenly  diminishes  in  caliber  on 
becoming  the  oesophagus.  The  oesophagus  is  accompanied  by 
the  dorsal  blood  sac,  and  extends  back  beyond  the  anus,  its 
anterior  part  being,  like  the  pharynx,  closely  surrounded  by  the 
four  fused  retractors,  its  middle  part  attached  to  the  separated 
retractors  by  four  series  of  radiating  connective  tissue  strands, 
and  its  posterior  and  much  longest  part  being  entirely  free  in  the 
body  cavity,  except  for  a  single  connective  tissue  thread  (Fig,  1), 

The  stomach  is  a  short  part  making  only  two  turns  around  the 
ascending  intestine,  and  marked  by  four  longitudinal  reddish 
bands. 

The  descending  intestine  reaches  from  the  stomach,  about  the 
region  of  attachment  of  the  ventral  retractors,  to  the  commence- 
ment of  the  ascending  intestine  at  the  extreme  posterior  end  of 
the  intestinal  loop.  It  is  closely  attached  to  the  ascending  intes- 
tine, about  which  it  winds,  by  numerous  connective  tissue 
strands  (which  also  are  found  on  the  stomach  and  posterior  end 
of  the  oesophagus^  and  are  there  larger  and  more  definite  in 
arrangement). 

The  ascending  intestine  is  characterized  by  a  longitudinal 
ciliated  groove  and  by  the  attachment  of  a  mesentery  along  its 
ventral  aspect. 

The  rectum  is  nearly  as  short  as  the  stomach,  is  marked  off 
from  the  intestine  proper  by  the  cessation  of  the  ciliated  groove, 
though  the  mesentery  continues  along  the  rectum  to  be  attached 
to  the  body  wall  posterior  to  the  anus. 

The  whole  digestive  tract  is  freely  hung  in  the  body  cavity, 
except  for  the  anterior  attachment  of  the  oesophagus  to  the 
retractor  muscles,  of  the  rectum  to  the  body  wall  by  radiating 
strands  of  connective  tissue  at  the  anus,  and  for  the  presence  of 
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four  long,  elastic,  connective  tissue  jBlaments  proceeding  from 
the  ventral  body  wall  to  the  oesophagus  and  ascending  intestine, 
and  limiting  somewhat  the  amount  of  motion  of  the  entire 
digeative  tract  back  and  forth  in  the  body  cavity. 

These  four  filaments  arise  between  the  anterior  and  posterior 
retractors,  two  on  the  right  of  the  ventral  mid-line,  two  on  the 
lefb.  The  anterior  left  one  is  attached  to  the  oesophagus.  The 
other  three  are  attached  to  the  ascending  intestine  between  the 
rectum  and  the  region  connected  with  the  stomach. 

The  structure  of  the  digestive  tract  is  in  general  as  follows 
(Fig.  13,  21) :  A  single  layer  of  columnar  epithelium  («),  each 
cell  with  a  tuft  of  cilia,  forms  the  lining,  while  the  peritoneum 
clothes  the  tube  on  the  outside.  The  peritoneum  has  the  usual 
flat,  polygonal  cells,  with  occasionally  tufts  of  very  long  active 
cilia,  and  is  covered  more  or  less  perfectly  by  chloragogue  cells 
(6%  c),  which  give  a  yellowish  color  to  the  entire  digestive  tract, 
modified  sonaewhat  by  the  peculiar  red  radial  fibers  present  in 
certain  regions. 

Between  the  above  two  layers  is  a  mass  of  connective  tissue, 
making  up  the  bulk  of  the  wall  of  the  tract.  The  matrix  appears 
quite  soft  and  yielding,  so  that  it  is  expanded  into  a  thin  film 
when  the  tract  is  distended.  In  the  matrix  are  numerous  fibers, 
fibrils  and  connective  tissue  cells,  besides  a  rich  plexus  of  nerves 
(Fig.  19)  having  the  main  branches  longitudinal.  The  usual 
arrangement  of  the  fine  fibers  is  in  an  outer  longitudinal  and  an 
inner  longitudinal  irregular  layer  (Fig.  21,/*' )  close  to  the  perito- 
neum and  epithelium  respectively.  Between  the  latter  layers 
is  a  well-developed  circular  layer  of  larger  fibers  (Fig.  21,  f). 
The  connective  tissue  internal  to  the  circular  fiber  layer  seems 
to  differ  in  the  consistency  of  its  matrix  from  that  outside,  in 
some  regions,  and  contains  the  above  nerve  plexus  (n),  lying 
in  part  close  to  the  epithelium,  and  may  also  contain  peculiar 
red,  radiating  fibers  {Rf)> 

The  intestine  is  usually  greatly  distended  throughout  most  of 
its  extent  by  masses  of  coarse  sand,  but  often  the  posterior  bend 
is  full  of  liquid  and  somewhat  translucent. 

Pharynx, — As  already  mentioned,  this  is  the  anterior  region  of 
the  digestive  tract  containing  the  branchiaB  when  not  expanded. 
It  is  lined  by  a  continuation  of  the  ciliated  epithelium  of  the 
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oral  disk,  or  the  evaginated  part  of  the  pharynx,  and  contains  a 
rich  meshwork  of  blood-vessels  in  the  connective  tissue  that 
intervenes  between  this  epithelium  and  the  anterior  terminations 
of  the  retractor  muscles.  Where  the  pharynx  passes  posteriorly 
into  the  oesophagus  there  is  often  an  abrupt  ventral  bend  and  a 
diminution  in  caliber,  owing  to  the  contraction  of  the  circular 
muscle  fibers  of  the  oesophagus. 

(Esophagus. — As  just  mentioned,  the  circular  fibers  are  ante- 
riorly very  well  developed,  and  appear  to  form  a  sphincter; 
posteriorly  they  become  less  and  less  prominent  near  the 
stomach.  The  lining  of  the  oesophagus  is  thrown  into  numer- 
ous longitudinal  ridges,  which  are  reduced  to  four  near  the 
stomach. 

The  nerve  plexus  in  the  oesophagus  is  very  easily  demon- 
strated, since  the  connective  tissue  mass  is  simple  and  free  from 
radiating  fibers. 

That  the  dorsal  blood  sac  forms  a  hollowing  out  in  the  con- 
nective tissue  mass  of  the  wall  of  the  oesophagus — protruding,  to 
be  sure,  much  beyond  the  cylindrical  contours  of  the  digestive 
tract — has  already  been  noticed  in  describing  the  vascular 
system. 

Stomach, — Four  conspicuous  longitudinal  red  or  pink  bands 
along  this  region  might  at  first  suggest  continuations  of  the 
dorsal  blood  sac,  but  are  found  to  be  due  to  the  presence  of  fonr 
great  longitudinal  ridges  (Fig.  13)  projecting  into  the  lumen  of 
the  tract,  and  owing  their  red  color  to  the  peculiar  radiating 
fibers  that  here  make  up  the  major  part  of  the  wall  of  the  tract 
and  form  these  ridges. 

These  fibers  appear  as  soft,  translucent,  reddish,  jelly-like 
cylinders,  when  alive,  having  a  diameter  of  10  to  16/£  and  a 
length  of  more  than  80//  (Fig.  10).  The  color  is  the  same  pecu- 
liar pink  that  the  common  corpuscles  of  the  blood  and  body 
cavity  liquid  possess. 

This  mass  of  radiating  fibers  being  interpolated  between  the 
epithelium  and  the  circular  muscles,  the  latter  are  thrust  out 
near  to  the  peritoneum  and  become  little  marked.  The  main 
part  of  the  wall  is  thus  made  up  of  four  ridges  of  peculiar 
radiating  fibers,  the  disposition  of  which  suggests  that  this  region 
may  be  a  sucking  stomach  I 
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Descending  Intestine. — The  eamb  radial,  red  fibers  continue 
aB  longitudinal  bands  down  the  intestine  and  also  np  the  ascending 
limb,  but  are  not  as  conspicnons  nor  arranged  in  limited  definite 
ridges.  The  epithelial  cells  are  filled  with  conspicnons  granules, 
except  at  the  extreme  outer  end,  where  clear  protoplasm  supports 
numerous  long  cilia. 

In  the  anterior  part  the  ridges  projecting  into  the  intestine 
have  longitudinal  rows  of  ciliated  pits  (Fig.  29),  often  20//  deep, 
lined  by  smaller,  more  slender  cylindrical  cells  which  are  also 
ciliated  and  appear  yellowish.  The  action  of  these  cilia  is  to 
produce  a  spiral  current  in  the  finid  of  the  intestine,  so  that  (in 
teased  preparations)  granules  from  the  cells  of  the  pit  are  brought 
out  in  a  revolving  mucilaginous  material  into  the  lumen  of  the 
intestine. 

In  the  much  longer  posterior  region  of  this  descending  limb 
these  pits  are  also  present  along  longitudinal  ridges,  but  there 
are  in  addition  larger  pits  (Fig.  17),  which  push  out  the  walls  of 
the  intestine  so  as  to  project  100 fi  or  so  beyond  the  general 
contour  as  numerous  minute  diverticula. 

The  epithelial  cells  in  this  region  are  elongated,  full  of  conspi- 
cuous granules,  and  readily  lose  their  cilia,  appearing  then  to 
give  off  vesicular  portions  ilito  the  lumen  of  the  intestine. 

Ascending  Intestine, — The  diverticula  continue  a  short  dis- 
tance around  the  bend  on  this  part  of  the  intestine,  but  are 
absent  throughout  much  the  greater  part  of  its  extent.  Three 
structures  may  be  described  in  connection  with  this  intestine : 
the  mesentery,  the  ciliated  groove,  and  the  pseudostomata. 

The  mesentery  (Fig.  4, 18):  this  forms  a  thin  membrane  of 
connective  tissue  containing  longitudinal  muscles  {Mf)  (hence 
the  whole  has  been  called  the  spindle  muscle),  amongst  which  is 
a  plexus  of  nerve  fibers  (n).  The  mesentery  is  covered  by  the 
peritoneum  continued  over  the  intestine  and  may  be  regarded  as  a 
specialized  part  of  the  intestinal  wall,  separated  to  such  an  extent 
that  the  contraction  of  the  muscles  along  its  free  edge  produces 
a  spiral  coiling  of  the  ascending  limb  (Fig.  18) — accompanied 
by  the  descending  limb,  since  the  two  are  united  by  transverse 
connective  tissue  bands. 

The  line  along  which  the  mesentery  arises,  when  traced  ante- 
riorly upon  the  rectum,  is  found  to  terminate  on  the  posterior 
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face  by  breaking  up  into  radial  strands  nniting  with  the  body 
wall.  As  the  intestine  is  twisted,  as  well  as  spirally  wound,  the 
line  of  attachment  at  the  bend  is  not  posterior,  bnt  anterior ; 
hence  the  mesentery  is  attached  along  the  concave  side  of  the 
bend  and  extends  a  short  distance  npon  the  descending  intestine 
on  the  aspect  turned  toward  the  ascending  limb.  If  we  imagine 
the  intestine  to  pass  straight  forward  from  anus  to  month,  the 
mesenterial  membrane  would  be  attached  along  the  ventral  or 
neural  aspect  t 

The  ciliated  groove  (Fig.  18,  C  O)  forms  a  conspicuous  char- 
acter of  this  region,  appearing  as  a  longitudinal  red  line  with  a 
lighter  center.  The  red  is  due,  as  in  the  stomach,  to  the  presence 
of  radiating  fibers  in  the  wall  of  the  intestine,  which  here  form 
two  parallel  ridges  projecting  into  the  lumen  and  embracing 
between  them  the  ciliated  groove.  By  the  contractions  of  these 
ridges  the  groove  may  be  made  very  shallow  (Fig.  24),  but  is 
always  recognizable :  in  it  a  current  of  liquid  passes,  from  the 
action  of  cilia  and  possibly  also  of  the  radiating  fibers,  towards 
the  anus  duriug  life,  and  at  first  might  be  mistaken  for  a  blood 
current. 

The  groove  passes  to  one  side  of  the  line  of  attachment  of  the 
mesentery,  but  not  far  from  it  (Fig.  18).  At  the  bend  it  is 
continued  in  the  descending  intestine  for  a  short  distance;  ante- 
rior to  this  end  a  line  of  ciliated  pits  continues  the  line  of  direc- 
tion of  the  groove  some  distance  further.  The  other  termination 
of  the  groove  is  at  the  rectal  end  of  the  intestine,  where  there  is 
formed  a  diverticulum  (Fig.  1,  li  C)  into  which  the  groove  opens, 
or  one  might  say  the  end  of  the  groove  is  deeper,  swollen,  and 
projects  from  the  wall  of  the  intestine  as  a  short  diverticulum. 

The  size  of  the  divertit^ulum  varies  as  does  its  shape;  it  has  a 
length  about  equal  to  the  diameter  of  the  intestine  when  the 
latter  is  entirely  empty,  or  about  .8  mm.,  and  a  width  of  .3  mm. 

The  ridges  bounding  the  groove  may  be  applied  to  one  another 
in  such  a  way  as  to  shut  off  the  bottom  of  the  groove  from  the 
lumen  of  the  intestine  (Fig.  26).  This  closed  portion  is  lined  by 
cells  markedly  different  from  those  over  the  ridges.  Their  free 
ends  are  rounded,  separated,  not  ciliated,  and  seem  to  sometimes 
break  off  vesicles  or  fragments  which  accumulate  as  granular 
eoagulations  in  the  tube.     The  same  cells  are  found  continued 
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into  the  diverticnlum.  No  cilia  were  seen ;  they  may  have  been 
destroyed  in  the  preparation,  in  some  cases  at  least ;  yet  their 
absence  seems  normal. 

The  psendostomata  (Fig.  18,  Ps  ;  21,  Psc)  form  conspicnons 
objects  over  the  outer  surface  of  the  ascending  intestine,  appear- 
ing when  alive  as  minute  ciliated  funnels  imbedded  amongst  the 
chloragogue  cells  and  suggesting  openings  into  the  digestive 
tract  from  the  body  cavity.  Careful  examination,  with  the  aid 
of  serial  sections,  failed  to  demonstrate  any  internal  opening, 
however,  and  led  to  the  conclusion  that  each  ^^pseudostomum" 
(Fig.  23,  21)  is  merely  a  depression  of  the  peritoneum,  forming 
a  blind  funnel,  partly  filled  by  chloragogue  cells  and  guarded 
along  its  protuberant  lip  by  a  peculiar  ciliated  cell  {Ps  c). 

Each  organ  is  a  convex  projection,  nearly  the  quarter  of  a 
sphere,  covered  on  its  convex  face  by  chloragogue  cells  {Ch  c) 
and  hollowed  out  from  the  abrupt  radial,  nearly  vertical  plane  by 
a  funnel-shaped  depression  which  penetrates  somewhat  into  the 
connective  tissue  of  the  intestinal  wall.  This  depression  is  more 
or  less  completely  filled  up  by  a  large  chloragogue  eell  {G)  like 
those  covering  the  convex  side  of  the  organ  and  surrounding  it 
on  all  sides.  The  projecting  rim  of  the  organ,  the  free  edge  of 
the  convex  surface  where  falling  ofiTinto  the  depressed  funnel,  is 
formed  by  a  largo  ciliated  cell  {Pa  c)  which  has  the  form  of  a 
spindle  bent  into  a  crescent,  of  which  the  two  horns  pass  along 
the  sides  of  the  funnel  opening  to  be  continuous  with  the  perito- 
neum under  the  chloragogue  cells,  while  the  middle  convex 
part  forms  the  most  prominent  portion  of  the  whole  organ  and 
contains  a  large  granular  nucleus. 

This  cell  may  be  regarded  as  a  special  modification  of  the  ordi- 
nary ciliated  cells  of  the  peritoneum,  curved  in  connection  with 
the  funnel-like  depression  of  the  peritoneum.  The  flat  perito- 
neal cells  are  shown  by  silver  stain  (Fig.  8)  to  continue  down 
into  the  funnel  as  well  as  over  the  convex  portion  of  the  pseu- 
dostomum. 

These  psendostomata  are  very  thickly  set  all  over  the  wall  of 
the  ascending  intestine  from  a  point  near  the  bend,  where  the 
diverticula  cease  to  occur,  to  the  rectal  end  of  the  intestine, 
where  they  are  most  numerous  and  cease  rather  abruptly.  At 
this  point  they  extend  on  the  side  bearing  the  ciliated  groove 
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qnite  as  far  as  the  origin  of  the  terminal  diverticulum,  while  on 
the  opposite  face  of  the  intestine  they  cease  sooner.  Occasionally 
a  pseudostomum  is  found  upon  the  mesentery,  some  distance 
from  the  proper  wall  of  the  intestine  1 

There  is  no  apparent  regularity  in  the  arrangement  of  these 
organs  or  agreement  in  the  direction  in  which  the  openings  of 
the  funnels  face. 

Indications  as  to  what  their  use  may  be  seem  to  be  afforded  by 
the  fact  that  when  carmine  is  injected  into  the  body  cavity  it 
appears  in  large  granules  in  the  chloragogue  cells,  especially  in 
those  that  lie  protected  inside  the  funnels,  so  that  the  pseudosto- 
raata  then  appear  as  red  spots  over  the  surface  of  the  intestine. 
The  specialized,  curved  ciliated  cells  would  thus  appear  to  bring 
solid  particles  from  the  body  cavity  flaid  into  contact  with  the 
chloragogue  cells  lying  in  the  funnels.  The  ultimate  fate  of 
these  particles  was  not  determined. 

The  Rectum. — Like  the  OBSophagus,  this  region  is  lined  by 
simple  ciliated  cells  and  thrown  into  numerous  longitudinal 
ridges.  Externally  there  are  no  pseudostomata,  and  the  con- 
tinued mesentery  after  passing  close  to  one  side  of  the  terminal 
diverticulum  of  the  ascending  intestine  buries  itself  within  the 
posterior  wall  of  the  rectum,  passing  as  a  ridge  along  the  rectum, 
ultimately  divaricates  as  right  and  left  membranous  strands 
radiating  out  from  the  walls  of  the  rectum  to  the  body  wall. 

The  muscles  of  the  mesentery  form  the  main  mass  of  the  above 
ridge,  and  then  pass  as  a  right  and  left  portion  out  in  the  mem- 
brane to  the  body  wall,  piercing  the  longitudinal  system  to 
become  continuous  with  the  circular  muscles  of  the  body  wall. 

At  the  anus  these  circular  muscles  continue  along  the  rectum 
as  a  much  thinner  layer  of  circular  fibers  around  the  digestive 
tract,  gradually  becoming  less  conspicuous  towards  tlie  posterior 
part  of  the  rectum.  The  terminal  portion  of  the  rectum  may  be 
everted,  when  its  longitudinal  ridges  appear  on  the  surface  of 
the  body  as  radiating  lines  around  the  anus,  or  the  body  wall 
may  be  rolled  in  for  a  short  distance  so  that  the  anus  is  with- 
drawn from  the  surface. 

^When  the  mesentery  comes  to  fuse  with  the  walls  of  the 
rectum  its  large  longitudinal  nerve  is  seen  to  leave  the  center  of 
the  muscle  and  to  join  the  plexus  of  the  wall  of  the  digestive 
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tract.  In  fact,  the  nerves  of  the  mesenteric  muscle  are  to  be 
regarded  as  merely  an  isolated  part  of  this  plexns  that  is  removed 
from  the  immediate  wall  of  the  tract. 

This  plexns  becomes  continuous  with  the  plexus  of  the  body 
wall  about  the  anus,  as  was  demonstrated  by  serial  sections. 

The  Nbpheidia. 

Each  nephridium  (Fig.  1,  R  If)  hangs  entirely  free  into  the 
body  cavity  from  its  attachment  to  the  body  wall  at  the  external 
opening.  The  internal  opening  is  also  at  this  same  place,  so  that 
the  free  end,  generally  directed  posteriorly,  is  entirely  closed. 
The  organ  is  a  cylindrical  tube,  of  various  shades  of  brown  or 
yellow  color,  capable  of  being  drawn  out  to  great  length  and 
highly  elastic.  Near  the  body  wall  the  tube  is  swollen  slightly 
for  less  than  one-eighth  of  its  length,  and  obscurely  marked  off 
by  longitudinal  grooves  into  an  anterior  lighter-colored  and  a 
posterior  darker  portion,  gradually  passing  into  the  common 
more  slender  tube  posteriorly. 

This  external  division  corresponds  to  the  division  of  the  tube 
internally  by  a  longitudinal  partition  into  an  anterior  (Fig.  5,  In) 
and  a  posterior  portion  {E X\  both  communicating  with  the 
common  posterior  tube  at  the  posterior  end  of  the  partition :  the 
posterior  one  opening  to  the  exterior  (ii^Jf),  the  anterior  one 
to  the  body  cavity  {N  P)  close  to  the  body  wall.  Both  portions 
of  the  tube  are  constricted  close  to  the  body  wall,  and  there  are 
colorless.  The  anterior  section  is  firmly  attached  posteriorly  and 
by  diverging  membrane-like  processes  laterally  to  the  body  wall, 
while  anteriorly  it  sends  out  a  semicircular  flap  parallel  to  the 
body  wall.  The  slit  left  between  this  flap  and  the  body  wall  is 
the  nephrostome  {N  P)  and  leads  into  the  anterior  part  of  the 
tube,  which  at  the  posterior  end  of  the  septum  communicates  with 
the  blind  posterior  continuation  of  the  nephridium  as  well  as 
with  the  posterior  portion  leading  to  the  external  opening  in  the 
body  wall  {NM). 

Externally  the  nephridium  (Fig.  20)  is  covered  by  the  perito- 
neum {P\  on  which  scattered  cells  with  tufts  of  cilia  maintain 
a  current  towards  the  free  tip  of  the  organ.  Within  the  peri- 
toneal membrane  is  a  slight  layer  of  connective  tissue  matrix 
in  which  lie  strong  circular  and   longitudinal    muscle   fibers 
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{CmLfrC),  The  connective  tissue  also  forms  numerous  longi- 
tudinal ridges  projecting  far  into  the  lumen  of  the  tube  and 
containing  a  few  longitudinal  muscle  fibers  (Zm).  The  entire 
inner  surface  is  covered  by  a  single  layer  of  large  irregular  cells 
resembling  the  chloragogue  cells,  and  often  full  of  clear,  homo- 
geneous yellow  spherules  4  to  A(i  in  diameter,  which  give  the 
characteristic  color  to  the  nephridium. 

At  the  nephrostome  these  lining  cells  are  replaced  by  small 
cuboidal  cells  (Fig.  5),  each  with  a  tuft  of  cilia  and  gradually  pass- 
ing into  the  peritoneal  cells.  The  passage  from  the  posterior 
tube  to  the  exterior  through  the  body  wall  is  also  lined  by  short 
columnar  cells,  internally  passing  gradually  into  the  above 
granular  cells,  and  externally  becoming  continuous  with  the 
epidermal  cells  of  the  body.  The  cuticle  follows  these  latter 
cells  in,  but  disappears  before  they  give  place  to  the  large  granu- 
lar cells. 

In  no  case  were  eggs,  spermatozoa,  or  other  solid  bodies  found 
in  the  nephridia,  though  the  action  of  cilia  on  the  flap  of  the 
nephrostome  appears  to  collect  the  eggs  at  that  point.  Possibly 
the  contraction  of  the  organ  forced  out  its  contents  before  the 
examination  I 

The  number  and  distribution  of  the  colored  spherules  in  the 
cells  varies  much,  probably  in  connection  with  phases  of  activity 
of  the  cells,  and  in  some  cases  clear  vesicles  are  found,  in  sections, 
protruding  from  the  outer  parts  of  the  cells,  breaking  off  and 
occupying  the  lumen  of  the  nephridium.  This  suggests  what  has 
been  observed  by  Shipley  (8)  in  Phymosoma,  which  is,  however, 
in  my  sections  due,  I  judge,  to  the  action  of  reagents,  since  the 
cells  are  very  delicate  and  on  teasing  readily  break  up  into 
spherical  masses. 

In  animals  injected  with  carmine  as  well  as  in  those  fed  upon 

carmine  no  indication  of  carmine  granules  was  found  in  the 

nephridia. 

Eetbaotob  Musolbs. 

These  four  long  muscle  bands  are  somewhat  flattened  from 
above  downward,  and  hence  have  at  their  origins  from  the  body 
wall  an  extension  from  side  to  side  greater  than  from  before 
back  (Fig.  1).  At  their  insertion  they  unite  to  form  a  continuous 
muscular  sheath  in  the  wall  of  the  pharynx,  which  is  then  con- 
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tinned  as  the  thin,  longitudinal,  internal  mnscnlar  layer  of  the 
body  wall  in  the  introvert.  Though  entirely  free  in  the  body 
cavity  for  the  major  part  of  its  extent,  each  retractor  is  anteriorly 
loosely  bound  to  the  oesophagus  by  innumerable  radiating  con- 
nective tissue  strands  along  one  line  facing  the  oesophagus. 

The  retractors  are  covered  by  the  usual  peritoneum  with 
scattered  ciliated  cells,  and  composed  of  closely  packed  longi- 
tudinal fibers  agreeing  with  the  largest  fibers  of  the  longitudinal 
muscles  of  the  body  wall. 

The  fibers  are  separated  by  a  small  amount  of  connective 
substance,  forming  a  sheath  for  each,  and  containing  nuclei. 
Through  this  run  numerous  nerves. 

Though  normally  the  two  ventral  or  the  two  dorsal  origins  are 
equidistant  from  the  mouth,  yet  cases  are  not  rare  (as  already 
observed  by  Keferstein  (5  and  6))  in  which  one  of  the  ventral 
muscles  arises  anterior  to  the  other. 

Being  continuous  with  the  longitudinal  muscles  of  the  body 
wall,  both  anteriorly  and  posteriorly  (Fig.  2,  VR  LM)^  and 
agreeing  in  structure  with  them,  the  retractors  may  be  considered 
as  isolated  parts  of  the  body  wall  musculature,  connected  with 
more  perfect  introversion  of  the  anterior  region. 

Thb  Repboduottve  Obgans. 

As  has  already  been  stated  in  a  preliminary  note  (9),  the  eggs 
and  spermatozoa  found  free  in  the  body  cavity  may  be  traced  to 
a  single  ovary  or  testis  which  forms  a  transverse  ridge  on  the 
posterior  face  of  each  ventral  retractor  (Fig.  \y  S  0)  near  its 
origin  and  extends  across  the  median  line  ventral  to  the  nerve 
cord.  This  ridge  is  a  mass  of  reproductive  cells  supported  by  a 
connective  tissue  lamella,  which  sends  branches  into  the  chief 
digitate  projections  that  give  the  organ  an  irregular  funibriated 
surface  (Fig.  2,  Ov).  These  processes  contain  the  largest  cells  at 
the  tip,  where  they  break  out  into  the  body  cavity  (Fig.  28), 
while  towards  the  base  and  area  of  attachment  of  the  organ  to 
the  retractor  the  cells  are  smaller  and  have  no  definite  walls, 
though  their  nuclei  are  prominent  and  quite  difi*erent  in  size  and 
staining  properties  from  the  nuclei  of  the  peritoneum  {P  N)y 
covering  the  entire  organ  except  where  ruptured. 

The  organ  is  thus  an  outgrowth  of  the  connective  tissue  of  the 
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retractor  covered  over  by  reproductive  cells  that  may  be  regarded 
as  arising  from  the  thickened  peritoneum,  though  perhaps  they 
have  no  true  connection  with  it,  but  are  in  origin,  as  in  position, 
retroperitoneal. 

The  ovary  is  distinguished  by  the  size  of  the  largest  terminal 
cells  of  some  of  the  digitate  processes  (Fig.  28),  these  being  as 
much  as  24/^,  as  opposed  to  the  largest  cells  observed  in  the  males, 
measuring  14//. 

Most  of  the  individuals  examined  from  July  20  to  September 
20,  and  in  April  of  the  following  year,  presented  the  reproductive 
organ  in  the  same  condition,  as  well  as  eggs  and  spermatozoa  free 
in  the  body  cavity,  some  of  which  cells  were  apparently  mature. 

The  smallest  specimen  found,  13  mm.  long,  contained  no  sexual 
cells  nor  indication  of  reproductive  organ. 

Nebvous  System. 

The  ring  nerves  and  plexuses  of  the  body  wall  and  the  plexus 
of  the  digestive  tract  having  been  described,  there  remain  the 
ventral  nerve  cord,  the  circumpharyngeal  commissures,  and  the 
brain.  The  ventral  nerve  cord  (Fig.  1,  In)  lies  free  in  the  body 
cavity  and  surrounded  by  peritoneum,  but  attached  to  the  body 
walls  by  the  lateral  nerves.  In  the  introvert  the  cord  is  flat  and 
wide,  and  not  as  near  to  the' body  wall  as  in  the  posterior  region, 
where  much  less  flattened  dorso-ventrally.  Anteriorly  the  cord 
ends  ventral  to  the  pharynx  by  bifurcating  to  form  the  two  large 
circumcBsophageal  commissures  passing  to  the  brain,  while  at 
the  extreme  posterior  tip  of  the  animal  the  cord,  diminishing  in 
size,  ends  in  a  single  slender  nerve,  or  often  in  two  more  or  less 
unsymmetrical  right  and  left  nerves,  passing  posteriorly  into  the 
body  wall,  and  representing  one  or  two  lateral  nerves  directed 
posteriorly  instead  of  outward.  The  other  lateral  nerves  arise  in 
great  numbers  along  the  entire  cord  right  and  lefb  (Fig.  22),  but 
with  no  indication  of  a  metameric  arrangement  or  of  regularity 
of  any  kind :  passing  first  outward  they  soon  bend  ventrally  and 
enter  the  body  wall  to  become  the  starting-points  of  the  large  ring 
nerves  (Fig.  33)  between  the  two  muscle  layers  of  the  body  wall. 
The  ring  nerves  are  thus  continuous  from  one  side  of  the  cord  to 
the  other  around  over  the  dorsal  aspect  of  the  body,  but  would 
be  interrupted  on  the  area  ventral  to  the  nerve  cord  except  for  ^ 
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the  exifitence  of  nnmerous  cottnecting  nerves  (Fig.  22,  On)  com- 
pletiDg  the  rings  by  passing  from  a  lateral  nerve  of  one  side  to  a 
lateral  nerve  of  the  opposite  side  between  the  two  muscular 
layers.  These  ventral  nervous  connections  are  not  as  numerous 
as  the  dorsal  parts  of  the  ring  nerves,  many  of  which  are  thus 
incomplete  ventrally.  The  size  as  well  as  arrangement  of  the 
lateral  nerves  is  very  variable,  while  anastomoses  between  adja- 
cent ones  are  common  in  the  body  wall  where  the  nerve  rings 
start  (Fig,  22). 

The  peritoneum  forms  a  loose  sac  around  the  cord  and  its 
lateral  branches,  within  which  a  large  mass  or  sheath  of  loose 
connective  tissue  matrix  with  free  cells  and  fibers  fills  up  the 
intervening  space  between  peritoneum  and  nerve  substance. 
In  the  matrix  several  nerve  fibers  run  out  in  each  lateral  nerve 
trunk  (Fig.  22,  ZiT),  anastomosing  with  one  another  freely,  and 
give  rise  from  a  fusion  in  the  body  wall  to  several  ring  nerves. 
Thus  each  lateral  nerve  gives  rise  to  several  ring  nerves. 

The  nerve  cord  (Fig.  27)  is  provided  with  a  well-developed 
longitudinal  muscle  {D  M)  running  in  the  connective  tissue  sub- 
stance, dorsal  to  the  nerve  substance,  as  a  single  median  mass 
throughout  the  posterior  part  of  the  body,  but  dividing  at  the 
commencement  of  the  introvert  into  a  right  and  a  left  muscle, 
soon  divaricating  and  passing  to  positions  right  and  left  of  the 
nerve  substance.  Hence  in  the  introvert  there  are  two  longitu- 
dinal muscles,  one  on  each  side  in  the  transversely  expanded 
nerve  trunk.  In  this  region  the  antagonistic  action  of  these  two 
muscles  appears  to  account  for  the  straight  course  of  the  nerve 
trunk  (excepting  the  vertical  bends  that  occur) ;  while  the  single 
posterior  muscle  throws  the  nerve  cord  into  transverse  bends 
that  are  frequently  very  numerous  and  abrupt.  Abrupt  bending 
of  the  nerve  trunk  seems  here  to  have  no  such  evil  efibct  as  is 
required  on  the  supposition  that  annelid  giant  fibers  are  neces- 
sary supports  in  vermicular  motion. 

The  posterior  termination  of  the  muscle  is  by  a  separation  of 
its  fibers  into  two  sots  passing  posteriorly  to  the  body  wall  along 
the  two  terminal  nerves  generally  present ;  the  anterior  termi- 
nation of  the  two  nerve  muscles  is  by  entrance  with  the  two 
commissures  into  the  ventral  retractors,  where  these  are  con- 
tinuous with  the  body  wall.    At  this  region  the  two  lateral 
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nerve  mnBcles  pass  up  from  the  sides  to  the  dorsal  aspect  of  the 
nerve  trunk  again  and  then  fuse  into  a  single  mass  just  posterior 
to  the  division  of  the  nerve  trunk  into  the  two  commissures 
Ijing  in  the  muscular  mass  about  the  pharjnx. 

The  structure  of  the  nerve  cord  as  seen  in  transverse  section 
(Fig.  27)  is  as  follows :  Externally  the  thin  peritoneal  mem- 
brane, then  a  thick  sheath  of  connective  tissue  {C)  with  fibers 
and  nuclei  in  a  transparent  matrix,  and  one  or  two  bundles  of 
muscle  fibers  {DM)j  dorsal  or  lateral  to  the  central  nerve  mass, 
as  the  case  maj  be.  The  central  nerve  mass  is  enclosed  in  a 
special  membranous  part  of  the  connective  tissue  sheath,  and  is 
traversed  in  all  directions  by  a  spongy  meshwork  continued 
inward  from  this  sheath,  especially  from  the  dorsal  and  ventral 
aspects.  The  nerve  cells  are  aggregated  in  the  ventral  part  of 
the  nerve  mass  in  such  a  way  as  to  suggest  a  simple  epithelium, 
many  of  the  cells  being  columnar,  resting  by  the  base  upon  the 
membrane  ventrally,  and  sending  off  long  processes  dorsally  into 
the  nerve  mass.  Amongst  these  cells  there  are  groups  of  a  few 
much  larger  ones  {Oo)  right  and  left  of  the  median  line,  which 
do  not  form,  as  do  the  smaller  cells,  a  continuous  ventral  sheet, 
but  are  separated  by  considerable  intervals,  so  as  to  suggest 
special  ganglionic  centers  and  a  metameric  division  of  the  cord. 
These  cells,  however,  vary  much  in  size  and  appear  to  correspond, 
in  small  groups,  to  the  origins  of  the  lateral  nerves,  and  thus  to 
be  rather  irregularly  arranged  and  not  definitely  metameric. 
Some  of  these  larger  cells  are  multipolar  as  seen  in  maceration, 
but  have  one  chief  process  extending  dorsally  into  the  nerve 
mass.  The  interstices  of  the  connective  tissue  framework  are 
occupied  by  nervous  substance,  appearing  on  longitudinal  section 
to  have  a  tubular  structure,  each  clear  tube  surrounded  by  con- 
nective tissue  and  composed  of  a  substance  resolvable  into  delicate 
longitudinal  fibrils. 

The  lateral  nerves  arise  high  up  on  the  sides  of  the  nerve  mass 
and  have  a  continuation  of  the  special  connective  tissue  investing 
membrane  with  many  nuclei,  while  enclosed  (in  groups)  in  lateral 
outgrowths  of  the  thick  connective  tissue  sheath.  The  nerve 
itself  contains  some  connective  tissue  ingrowths,  is  finely  granu- 
lar on  section,  and  has  in  it  a  few  nuclei,  apparently  connective 
tissue  cells,  at  intervals. 
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The  Brain. — This  is  abont  2  mm.  in  diameter  and  has  a  some- 
what heart-shaped  outline  (Fig.  6)  viewed  from  the  dorsal  side, 
being  convex  posteriorly  and  swelling  out  anteriorly  into  two 
prominent  lobes.  The  dorsal  and  ventral  surfaces  are  flattened 
and  appear  roughened  by  the  presence  of  numerous  papilla-like 
outgrowths  (Pn),  which  on  section  are  seen  to  be  nerve  fiber 
bundles  passing  out  through  the  peculiar  connective  tissue  sheath 
(Fig.  30,  8)  present  upon  these  two  aspects  of  the  brain.  From 
the  convex  posterior  end  come  off  numerous  nerves  to  the  dorsal 
retractors  (Fig.  81,  M  N)^  while  from  the  anterior  convex  lobes 
(Fig.  t),  On)  nerves  pass  out  into  the  cephalic  lobe  ( Wimper- 
kissen).  The  large  circumpharyngeal  commissures  (Com)  pro- 
ceed from  the  lateral  aspects  of  the  brain  and,  surrounding  the 
pharynx,  immediately  converge  to  form  the  ventral  cord.  Each 
gives  off  three  chief  nerves  or  collection  of  nerves :  the  fi^rst  at 
the  point  of  origin  from  the  brain  {A  Brn)  supplies  the 
branchiae  dorsally ;  the  second  from  the  posterior  aspect  of  the 
commissure  {Ph  n)  is  much  smaller  and  soon  breaks  up  in  a 
mesh  work  in  the  walls  of  the  pharynx ;  the  third  (Z  Brn)  arises 
about  the  middle  of  the  length  of  the  commissure  and  supplies 
the  lateral  and  ventral  branchiae,  and  probably  also  the  ventral 
retractors  and  pharyngeal  walls.  Other  smaller  branches  are 
also  given  off  from  the  commissures. 

The  position  of  the  brain  may  be  understood  when  bearing  in 
mind  the  relations  of  the  surrounding  parts.  The  four  retractors 
appear  to  fuse  into  a  single  mass  about  the  pharynx  and  then  to 
become  continuous  with  the  inner  part  of  the  body  wall,  where 
it  unites  with  the  end  of  the  pharynx.  At  this  point,  however, 
we  find  the  two  lateral  retractors  fused  into  a  single  mass,  right  or 
left,  but  on  the  dorsal  and  ventral  median  lines  the  muscle  mass 
itself  is  not  continuous,  but  merely  united  by  connective  tissue. 
In  this  median  interval  on  the  ventral  aspect  of  the  pharynx 
nothing  but  connective  tissue  separates  the  muscle  mass  of  the 
right  from  that  of  the  left,  but  on  the  dorsal  side  the  brain 
occupies  nearly  all  the  space  between  the  right  and  left  muscle 
masses  (Fig.  30,  IiM\  which  are  connected  here  only  by  a  few 
fibers  dorsal  to  the  brain  (8).  The  brain  is  then  in  the  connective 
tissue  wall  of  the  pharynx  between  the  right  and  the  left  retractor 
muscle  masses.    Its  ventral  surface  is  directly  in  contact  with 
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the  dorsal  blood  sac  {Bl «),  in  fact  it  appears  to  protrude  ven- 
trally  into  the  vascular  enlargement  of  this  vessel  (Fig.  31,  Bla)^ 
"which  expands  ventral  and  anterior  to  the  brain  before  sending 
off  the  ring-like  sinus  anterior  to  the  commissures  and  the  right 
and  left  dorsal  branches  to  the  dorsal  branchise.  Its  dorsal  sur- 
face is  for  the  most  part  separated  only  by  the  peritoneum  and 
the  connective  tissue  {8)  from  the  body  cavity,  but  anteriorly  it 
becomes  continuous  with  the  body  wall  where  this  ends  and 
the  pharynx  begins  (Fig.  31,  Ep).  At  this  point,  in  fact,  the 
brain  is  continuous  with  the  epidermis  of  the  body  wall,  though 
elsewhere  sunk  ventrally  into  the  wall  of  the  pharynx. 

Structure  of  the  Brain. — Some  of  the  fibers  of  the  commissures 
(Fig.  80,  CorrC)  extend  across  the  ventral  part  of  the  brain  and 
some  become  incorporated  with  the  rest  of  the  purely  fibrous 
central  mass,  which  is  covered  dorsally  by  an  investment  of 
ganglion  cells  {D  0\  while  ventrally,  as  the  above  cross  fibers, 
it  comes  close  to  the  blood  sinus.  This  large  central  fibrous  part 
of  the  brain  extends  dorsally  into  the  ganglionic  portion  as  two 
longitudinal  ridges,  showing  on  cross-section  as  rounded  horns  of 
the  fibrous  ventral  area.  The  ganglionic  dorsal  portion  is  thickly 
supplied  with  small  cells,  presumably,  in  part  at  least,  nerve  cells, 
though  probably  in  part  connective  tissue.  These  also  extend 
into  the  two  anterior  lobes  of  the  brain,  and  down  along  the 
commissures,  and,  moreover,  cover  the  posterior  aspect  of  the 
central  fibrous  mass  (which  is  thus  uncovered  by  ganglion  cells 
only  on  its  ventral  side)  (Fig.  31). 

The  extreme  posterior  convex  lobe  of  the  brain  contains 
numerous  exceedingly  large  ganglion  cells  {B  G)y  which  occupy 
its  entire  area  on  transverse  section. 

The  dorsal  and  ventral  sides  of  the  brain  are  provided  with 
peculiar  connective  tissue  investments  (Fig.  30,  ;S^,  intervening 
between  the  peritoneum  and  the  ganglionic  region  dorsally,  and 
between  the  lining  of  the  blood  sinus  and  the  transverse  fibers 
ventrally.  This  connective  tissue  is  clear  and  gelatinous  when 
fresh,  but  contains  fibers,  and  also  a  few  muscle  fibers  in  the 
dorsal  region.  Kadiating  bands  of  fibers  from  the  central  parts 
of  the  brain  break  through  this  connective  tissue  investment  in 
numerous  places,  and  form  either  supporting  connections  with 
the  above  membranes,  or  else  (on  the  dorsal  face)  the  peculiar 
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origins  of  numerous  small  nerves  passing  posteriorly  to  the 
retractors  and  anteriorly  to  the  cephalic  lobe.  These  radiating 
masses  form  the  peculiar  papillse  seen  in  the  macerated  brain 
(Fig.  6).  In  the  lateral  part  of  the  brain,  dorsal  to  the  origin  of 
the  commissures,  there  is  on  each  side  a  peculiar  tubular  organ 
(Fig.  30),  which  will  be  described  in  connection  with  the  cephalic 
lobe. 

Cephalic  Lobe. — In  the  expanded  state  the  body  wall  posterior 
to  the  branchisd  is  elevated  on  the  dorsal  line  into  a  noticeable 
ciliated  cushion  (  WirrvpefrhieBefn)  which  lies  dorsal  to  and  in  part 
posterior  to  the  brain,  with  which  it  is  in  connection  at  its  ante- 
rior end.  This  ciliated  elevation  presents  a  deep  median  and 
two  lateral  grooves  subdividing  the  entire  elevation  into  four 
longitudinal  closely  applied  ridges  (Fig.  32,  CV)^  sharply  defined 
anteriorly  and  laterally,  but  gradually  passing  into  the  general 
level  of  the  epidermis  posteriorly  as  the  body  wall  becomes 
thinner.  At  the  abrupt  anterior  end  the  ridges  overhang  a  hori- 
zontal groove,  or  in  some  stages  of  contraction  a  transverse  pit, 
which  may  be  nearly  obliterated  in  full  expansion,  except  at  its 
extreme  lateral  ends  (Fig.  32,  L  P),  These  latter  parts  of  this 
horizontal  groove  continue  posteriorly  under  the  ridges,  later- 
ally, as  flattened  tubes  160/u  long,  one  on  the  right  and  one  on 
the  left  of  the  median  plane  (Z  P).  From  each  flat  diverticulum 
of  the  groove,  at  the  point  marked  by  a  cross,  a  cylindrical  tube 
of  epidermal  cells  passes  ventrally  and  posteriorly  into  the  gang- 
lionic part  of  the  brain  for  about  100/£.  £ach  tube  is  bent  several 
times,  is  about  16//  wide,  and  presents  enlargements  near  its 
blind  end,  the  largest  24/i.  The  epidermal  cells  of  its  walls  give 
place  to  what  appear  as  ganglion  cells  of  the  brain,  while  the 
ciliated  lumen  of  the  flattened  diverticula  is  continued  as  a  mass 
of  coagulated,  staining  substance  filling  the  tube  (Fig.  30).  The 
terminal  part  contains  also  a  central,  highly  refracting,  clear 
body,  especially  evident  in  cross-sections  of  the  enlargements  of 
the  tube,  though  continuing  through  part  of  the  twisted  portion. 
No  pigment  was  seen  associated  with  this  tubular  organ,  which 
otherwise  suggests,  on  cross-section,  a  visual  organ. 

The  ciliated  ridges  (Fig.  32,  OC)  are  covered  by  an  elongated 
epithelium  intimately  connected-  with  large  nerves  (CVi)  coming 
directly  from  the  anterior  dorsal  part  of  the  brain  and  running 
posteriorly  in  the  ridges  (Fig.  31,  Cri). 
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COMPABISOKB  AND  CoNOLTTBIOKS. 

Of  the  various  previous  accoants  of  the  anatomy  of  the  Sipun- 
culids,  I  may  here  refer  only  to  that  of  Andreae  (10)  npon 
Sipunculua  nvdvsy  and  to  the  recent  paper  by  Shipley  upon 
PhymoBoma  varians  (11),  as  other  papers  are  either  summarized 
in  the  above  or  else  rendered  of  comparatively  little  value  by  these 
more  detailed  and  complete  accounts.  As  might  have  been 
expected,  the  anatomy  of  S.  Oouldii  agrees  closely  with  that  of 
8.  nWt^«,  and  even  with  Phymosoma  to  an  extent  indicating  the 
fundamental  identity  of  the  two  forms  in  all  but  secondary 
characters. 

Differences  between  the  accounts  of  8.  nvdus  and  8.  Oouldii 
are  partly  due,  I  judge,  to  differences  in  method,  and  especially  to 
the  free  use  of  fresh  material  in  the  latter  case. 

In  the  body  wall  of  8.  Gouldii  there  is  a  less  specialized  condi- 
tion of  the  epidermis  than  in  the  other  Sipunculid  mentioned 
above,  though  the  glandular  bodies  are  essentially  identical  with 
those  of  Phymosoma.  In  8.  nwrfw«,  however,  a  peculiar  arrange- 
ment of  the  gland  cells  is  indicated  by  Andreae,  which,  however, 
as  seen  in  specimens  from  North  Carolina,  seems  to  me  due  to 
poor  preservation,  while  the  real  condition  is  much  as  in  8. 
Oouldii, 

The  complex  peripheral  nervous  system  described  in  8.  Oouldii 
will  doubtless  be  found  in  other  Sipunculids  on  applying  gold 
chloride  staining,  as  the  circular  nerves  and  parts  of  the  subepi- 
dermal plexus  are  already  known. 

That  the  tentacle-like  processes  about  the  mouth  are  to  be 
regarded  as  branchise  in  function  and  probably  in  morphology 
also,  seems  patent  after  observation  of  the  rapid  circulation  of 
corpuscles  that  there-  takes  place,  especially  when  bearing  in 
mind  that  the  coloring  matter  of  the  corpuscles  is  probably  a 
.  respiratory  one.  Though,  as  has  been  suggested,  the  dorsal 
blood  sac  may  serve  partly  to  form  a  reservoir  for  blood  in  intro- 
version, yet  it  must  serve  as.  a  conveyor  of  respiratory  gases  to 
the  body  cavity  liquid  and  furnish  an  important  adjunct  to  the 
thick  body  wall  in  this  mediation  between  the  sea-water  and 
body  cavity  liquid.  That  the  branchise  also  serve  as  means  of 
bringing  currents  of  water  (and  food)  into  the  mouth  seems 
probable  from  the  position  of  the  cilia  on  their  concave  oral 
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Bnrfaces  and  the  arrangement  along  radiating  oral  grooves. 
This  function  would  of  course  be  null  if,  as  some  have  stated 
both  in  Phoronis  and  in  Sipuncnlids,  the  cilia  are  on  the  outside 
surface,  away  from  the  oral ;  but  this  seems  to  me  an  error 
arising  from  study  of  invaginated  specimens,  where  the  positions 
of  the  branchial  surfaces  are  apparently  inverted  1 

Examination  of  fresh  and  hardened  material  has  shown  the  pres- 
ence of  a  nerve  plexus  in  the  walls  of  the  digestive  tract,  the  occur- 
rence of  ^'  peeudostomata,''  and  the  division  of  the  digestive  tract 
into  more  numerous  regions  than  have  hitherto  been  recognized. 
That  the  nerve  plexus  is  continuous  with  that  of  the  body  wall 
at  the  anus  has  been  determined,  but  its  connection  near  the 
mouth  remains  doubtful,  though  it  seems  to  connect  with  nerves 
from  the  brain. 

If  the  ^^  stomach  "  should  prove  to  be  a  sucking  stomach,  as  its 
structure  suggests,  we  would  be  able  to  see  how  such  large  quan- 
tities of  sand  may  be  swallowed ;  though  the  mere  act  of  crawl- 
ing would,  probably,  as  in  Balanoglossus,  tend  to  produce  a 
forced  ingestion. 

The  structure  of  the  ciliated  groove  of  the  intestine  suggests  a 
secretory  function  and  at  the  same  time  a  use  as  a  conduit  from 
one  region  to  another.  As  the  various  animals  in  which  such 
ciliated  grooves  and  a  ^^  nebendarni"  are  found  seem  to  be  those 
addicted,  like  Sipunculus,  to  swallowing  quantities  of  sand  or 
other  foreign  bodies  along  with  the  food,  the  primitive  value  of 
such  organs  may  have  been  associated  with  the  hindrance  so 
caused  in  the  ordinary  exchange  of  the  intestinal  contents  from 
one  part  to  another.  May  not  then  the  groove,  and  subsequently 
the  "  nebendarm,"  have  been  chiefly  secretory  and  conductive, 
rather  than  respiratory,  as  suggested  by  Eisig  ? 

There  seems  no  longer  any  doubt  that  the  reproductive  organs, 
as  described  in  S.  Oouldii^  are  typical  for  the  Sipunculids  in 
general,  though  that  this  has  not  been  long  recognized  appears 
from  the  following  review  of  work  upon  this  subject. 

In  1837  Gnibe  (12)  observed  eggs  in  the  body  cavity  of  8. 
nvdua^  from  May  to  August,  at  Naples,  in  the  n^hridia  also,  in 
November ;  while  at  Palermo  eggs  were  observed  in  the  body 
cavity  in  June,  but  not  in  January.  Similarly  Delle  Chiaje  had 
previously  observed  eggs  in  the  body  cavity  during  the  winter. 


8IPUNCULUS  aOULDII  POURTALM  421 

In  1849  Meyer  (13),  observing  what  Beems  to  have  been  a  clot  in 
the  body  cavity  full  of  ova,  referred  the  formation  of  these  latter 
to  the  body  cavity  rather  than  to  the  nephridia,  as  had  been  done 
by  others. 

The  true  meaning  of  the  nephridia  in  reference  to  the  sexual 
products  was  seen  by  Peters  (14)  in  1860,  when  he  interpreted 
them  as  ovidncts,  not  as  ovaries,  though  his  localization  of  the 
true  ovary  as  masses  projecting  into  the  intestine,  but  discharging 
by  a  slit  into  the  body  cavity,  seems  to  have  been  due  to  an  entirely 
erroneous  observation  upon  the  intestinal  groove. 

In  1851  PourtalSs  (1)  discovered  S.  Oouldii  and  observed  the 
body  cavity  to  be  full  of  what  he  considered  to  be  eggs,  some  of 
which  were  present  in  the  nephridia  also.  In  1847  he  had  seen 
spermatozoa  in  the  body  cavity,  and  regarded  them  as  formed 
there.  The  ovary,  however,  he  sought  to  identify  as  what  is  now 
known  as  the  blood  sac. 

In  the  former  year  Krohn  (15)  for  the  first  time  observed  ripe 
spermatozoa  in  the  body  cavity  of  8,  nvdvSj  at  Naples,  and 
regarded  the  sexes  as  separate  in  this  species  and  in  Phascolosoma. 
An  attempt  was  made  by  him  to  artificially  fertilize  the  ova  in 
April,  but  this  was  unsuccessfnl,  owing,  as  he  supposed,  to  the 
small  number  of  ripe  spermatozoa. 

In  1862  Eeferstein  (16)  noticed  much  disparity  in  the  relative 
abundance  of  males  and  females  of  Phascolosoma ;  only  two  indi- 
vidnals  with  spermatozoa  among  200,  most  all  full  of  eggs.  He 
states  that  the  smallest  species  have  the  largest  and  at  the  same 
time  the  least  numerous  eggs. 

OlaparMe  (17),  in  the  following  year,  found  also  only  one 
male  with  112  females,  and  this  one  of  a  different  species.  He 
was  able  to  recognize  the  males  by  the  milky  white  color  due  to 
spermatozoa  in  the  body  cavity.  The  spermatozoa  were  traced 
to  '^  floating  testes  "  or  cell  masses  in  the  body  cavity,  and  a  like 
origin  was  inferred  for  the  ova.  The  nephridia  were  now  assigned 
an  excretory  function. 

Two  years  later  Semper  (18)  searched  in  vain  for  the  repro- 
ductive organs  in  Sipnnculids,  and  concluded  they  were  very 
small  and  early  set  free  their  products  into  the  body  cavity.  He 
demonstrated  the  internal  opening  of  the  nephridiuro,  and  showed 
the  so-called  ovary  of  Peters  to  be  an  intestinal  groove. 
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In  1865  and  1867  Keferetein  (5,  6)  described  the  eggs  of  S. 
Oovldii  fonnd  in  the  body  cavity,  and  retracts  his  previons  belief 
in  the  hermaphrodite  character  of  the  Sipuncnlids  derived  from 
observations  of  spermatozoa  in  the  nephridia  and  ova  in  body 
cavity. 

In  the  latter  year  Jonrdain  (19)  observed  the  sexual  products 
floating  in  the  body  cavity  in  Sipunculus,  but  was  unable  to  find 
any  organ  producing  them,  though  certain  pedunculated  vesicles 
on  the  terminal  part  of  the  intestine  might  be  interpreted  as  such. 
He  also  saw  the  internal  opening  of  the  nephridium  in  three 
species,  but  was  not  able  to  abandon  the  old  idea  of  a  terminal 
pore  at  the  posterior  end  of  the  body  in  the  case  of  S.  gigas. 

Brandt  (20)  in  1870  finds  the  sexes  of  S.  nudua  and  Phasco- 
losoma  about  equal  in  number,  with  swimming  testes  and  ovaries. 
The  spermatozoa  arise  by  division  of  primitive  spherical  cells  in 
the  body  cavity,  and  the  ova  have  a  similar  origin. 

A  new  origin  for  the  reproductive  products  was  discovered  by 
Lankester  (21)  in  1878  for  S,  nvd^us.  Arborescent  tufts  growing 
out  from  the  peritoneum  enclose  ova,  which  break  loose,  singly  or 
in  groups,  and  develop  farther,  floating  in  the  body  cavity.  These 
tufts,  however,  are  situated  on  each  side  the  rectum,  yet  when 
attached  he  '^  never  found  the  villi  containing  unmistakable  ova.'' 
He  was  uneertain  whether  the  testis  was  the  nephridium  or 
diverticula  of  the  intestine,  but  thinks  that  the  testes  are  still  to 
be  sought,  since  he  believes  the  floating  testes  of  Brandt  are 
really  stages  in  formation  of  red  blood  corpuscles.  The  nephridia 
were  found  much  distended  by  pervisceral  liquid  in  May,  in  which 
were  ova  and  also  spermatozoa-like  bodies ! 

In  1874  artificial  fertilization  was  again  tried  by  Selenka  (22) 
in  various  species  of  Phascolosoma,  but  only  two  successftil 
results  were  obtained,  and  these  in  a  species  in  which  the  body 
cavity  liquid  does  not  clot. 

Ludwig  (23)  states  that  Semper,  in  his  lectures  previous  to  this 
date,  had  taught  that  the  genital  gland  in  the  Sipunculid  was  aa 
irregular  mass  at  the  base  of  the  retractors.  This  organ  was  first 
well  described  and  figured  in  1875  by  Theel  (24),  for  jPhaseoUan 
StromMy  as  a  fringed  ridge  passing  from  dorsal  to  ventral  retractor 
and  along  the  side  of  the  nerve  cord.  It  is  alike  in  both  sexes, 
and  lets  loose  its  products  into  the  body  cavity :  the  spermatozoa 
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seem  formed  in  place  as  their  tails  project  from  the  ridge.  The 
males  are  recognizable  by  lighter  color  and  smaller  size,  and 
occur  one  to  three  or  fonr  females.  The  sexual  organ  was  found 
in  September,  while  the  body  cavity  contained  eggs  in  June, 
September  and  February, 

In  the  same  year  (25)  he  describes  the  reproductive  organs  of 
JPh.  loreale  as  paired  and  posterior  to  attachment  of  ventral 
retractors. 

In  1877  Spengel,  as  quoted  by  Andreae,  found  the  reproductive 
organs  in  Sipunculus  as  a  transverse  band  of  small  cells  at  the 
base  of  the  ventral  retractors,  while  Keren  and  Danielssen  (26) 
found  no  reproductive  organs  or  products  in  two  species  of 
Sipunculus  examined  in  midsummer.  They  did,  however,  find 
both  in  many  species  of  Phascolosoma.  Spermatozoa,  however, 
were  found  only  in  two  individuals.  As  to  the  reproductive 
organ  itself,  the  authors  have  seen  and  figured  it  in  Ph.  Zoveniy 
JPh.  abyasoruniy  Ph.  eremita^  Ph.  margaritaceum^  Ph.  Harveii^ 
and  Ph.  p(ipillo9um.  Though  correctly  figured,  unless  it  be  that 
in  many  cases  the  organ  passes  ventral  to,  in  others  dorsal  to,  the 
nerve  cord,  contrary  to  what  one  would  expect  to  be  the  case, 
these  organs  are  not  considered  reproductive  organs  at  all,  but  of 
unknown  function.  What  they  do  believe  to  be  reproductive 
organs  are  described  as  masses  attached  to  the  oesophagus, 
apparently,  in  fact,  the  blood  sac  again,  though  in  some  of  his 
figures  the  so-called  generative  organ  strongly  suggests  a  clot  of 
coelomic  liquid.  In  supposing  that  the  conical  posterior  part  of 
the  body  bursts  to  allow  the  ova  to  escape,  the  authors  again 
revert  to  an  older  notion  regarding  the  reproductive  processes. 

Two  years  later  Cosmovici  (27)  finds  the  sexual  organ  in  both 
sexes  of  Ph.  vulgare  as  botryoidal  masses  at  the  base  of  the  pos- 
terior retractors. 

Sluiter  (28)  in  1881  found  reproductive  organs  in  various 
tropical  Sipunculids:  in  8.  edvlis  and  in  Ph.  nigritorqvMum 
the  ovaries  are  a  series  of  sausage-shaped  sacs  between  the  dorsal 
retractors,  out  of  which  the  eggs  escape  by  rupture  of  the  walls ; 
in  Aspidomphon/t^ca  and  in  Ph.  falcidentatum  the  organs  are 
open  troughs,  from  the  walls  of  which  the  ova  escape  immediately 
into  the  body  cavity.  The  testis  is  recognizable  as  smaller  and 
lighter  in  color,  but  was  seen  only  in  A.  fvsca.    These  organs 
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are  not  to  be  eonfonnded  with  those  assumed  by  Tenscher  in 
regarding  the  sexual  products  as  arising  in  the  channels  of  the 
body  wall.  The  variation  in  the  character  of  the  reproductive 
organ  is  extended  also  to  the  nephridium,  which  was  found  in 
some  species  opening  internally  near  its  posterior,  free  end;  in 
others  anteriorly,  as  described  in  8,  Goiddii,  etc. 

Selenka  (7)  in  his  monograph  upon  the  Sipunculids  in  1883— 
1884  includes  the  possession  of  sexual  organs  as  ridges  at  the 
bases  of  the  ventral  retractors  among  the  characters  of  the  group, 
and  states  that  he  has  seen  such  organs  in  several  species  of 
Fhascolosoma,  where  they  form  a  ruffled  band  with  small  ova 
seen  in  sections  and  upon  teasing. 

Finally  Shipley  (8,  11),  within  the  past  year,  has  shown  the 
reproductive  organs  of  JPhymosoma  varians  to  be  identical  with 
those  of  S.  Oouldii  ;  and  in  general  this  is  the  conclusion  to  be 
drawn  from  the  more  detailed  and  recent  of  the  above  accounts. 
Moreover,  sections  of  poorly  hardened  8.  nudtts  have  shown  me 
that  here  also  the  reproductive  organs  have  the  same  structure 
as  in  8.  Oouldii. 

In  the  central  nervous  system  of  8.  nuduB  the  close  agreement 
of  the  brain  in  its  structure  with  that  of  Phymosoma  is  interest- 
ing as  suggesting  some  direct  connection  between  the  peculiar 
locomotion  and  introversion  and  the  presence  of  giant  ganglion 
cells  in  the  posterior  part  of  the  brain. 

The  peculiar  brain  tubes  also  are  apparently  identical  in  both. 
Whether  they  are  to  be  regarded  as  eyes,  glands,  or  possibly 
equilibration  organs,  I  have  not  been  able  to  determine  from  8. 
Oouldii  ;  here  the  structure  seems  less  markedly  eyelike  than  in 
Phymosoma. 

In  conclusion  I  may  say  that  the  examination  of  the  adult 
anatomy  of  this  Sipunculid  leads  to  a  better  appreciation  of  the 
similarities  between  this  group  and  Phoronis,  so  that  I  would 
concur  with  Shipley  in  referring  Phoronis  to  a  place  close  to  the 
Sipunculids,  especially  as  the  prevalent  connective  tissue  matrix 
of  8.  Oouldii  might  readily  be  homologized  with  more  special 
forms  of  it  differentiated  as  supporting  skeleton  in  Phymosoma 
and  Phoronis. 

Moreover,  in  spite  of  the  lack  of  discovered  metameric  structure 
in  the  Sipunculids,  their  close  resemblance  to  thd  Friapulid», 
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find  then  to  the  Echiuridse,  furnishes  a  ready  mesuis  of  deriving 
them  all  from  metanieric  polychsetse-like  forms.  The  changes 
that  have  taken  place  among  some  sedentary  annelids  with  partial 
loss  of  metamerism  suggest  a  parallel,  as  has  been  emphasized  by 
Wilson  and  others. 

I  see  nothing  in  the  adult  Sipunculid  that  may  not  be  explained 
on  this  assumption  of  lost  metamerism ;  even  the  reproductive 
organs  suggest  a  derivation  from  those  of  polychsetse,  with  which 
they  agree  in  structure  and  fate  very  closely.  Their  attachment 
to  the  posterior  side  of  a  septum  may  now  be  indicated  by  their 
attachment  to  the  retractors.  On  the  other  hand,  the  direct 
derivation  from  non-metameric  larval  or  other  ancestral  forms 
would  neces^tate  much  complex  parallel  variations  in  Sipuncu* 
lids  and  Ecbiurids. 
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EXPLANATION  OF  PLATES. 

All  the  figures  are  from  camera  drawings  with  Zeiss  lenses,  unless 

otherwise  stated* 

Plate  XLIV. 

Fig.  1.  Body  wall  cut  along  right  side  and  spread  out  to  show 
general  arrangement  of  organs.  About  natural  size;  free-hand 
drawing.  Bvy  branchisB;  In^  nerve  cord,  flattened  in  the  introvert; 
RDRy  right  dorsal  retractor ;  R  -AT,  right  nephridium ;  06,  oesoph- 
agus; RVR,  right  ventral  redactor ;  R  0,  right  end  of  reproductive 
organ;  /Jf,  mesentery  of  ascending  intestine;  R^  rectum,  with 
lateral  ending  of  mesentery ;  R  Of  rectal  diverticulum  or  csdcum ; 
Bl  Sy  end  of  blood  sac. 

Fio.  2.  Vertical  longitudinal  section  of  body  wall  and  end  of 
ventral  retractor  (  FJB),  to  show  reproductive  organ  (Ov)  in  section. 
LMy  longitudinal  muscle;  OMy  circular  muscle  of  body  wall;  Ot, 
cuticle  over  the  epidermis,  with  glands  projecting  from  the  latter 
into  the  sub-epidermal  tissue.    2  A  }. 

Fig.  3.  Transverse  section  of  the  body  wall.  Ct,  cuticle ;  Ep  01^ 
orifice  of  granular  epidermal  gland;  Ep  OVj  same  of  the  many- 
celled  gland;  Ep^  epidermal  cells;  8^j  sub-epidermal  connective 
tissue,  with  part  of  nerve  plexus;  C7Jf,  circular  muscle;  LMy  longi- 
tudinal muscle,  part  of  the  nerve  plexus  shown  between  the  two 
muscles;  P,  peritoneum;  B  (7,  body  cavity,  with  grooves  extending 
into  longitudinal  muscle.    2  D  i. 

Fig.  4.  Transverse  section  of  the  mesentery  of  the  ascending 
intestine,  n,  central  nerve  of  muscle;  Mf^  muscle  fibers;  Gouj 
connective  tissue  matrix  with  scattered  cells,  and  fibers  in  the  per- 
ipheral end  around  the  muscle;  Chc^  chloragogue  cells  over  outer 
surface  of  mesentery ;  /  Wj  wall  of  intestine. 

Fig.  5.  Longitudinal  vertical  section  of  the  body  wall  and  neph- 
ridium, to  show  the  external  opening  (iTJf )  and  the  internal  nephro- 
stome  (-A5?).  iw,  internal  chamber  of  nephridium  lying  anterior  to 
the  large  terminal  chamber  {Ex\  with  which  it  communicates  around 
end  of  the  intervening  partition.    Other  letters  as  above.    2  A  j^. 

Platb  XLV. 

Fig.  6.  Dorsal  view  of  brain  and  nerves,  from  macerations. 
A  Bm,  three  anterior  nerve  trunks  to  branchiae ;  L  Brn,  two  lateral 
nerve  trunks  to  branchiaa;  £n,  lateral  nerve  of  ventral  cord;  Oanif 
circumpharyngeal  commissure ;  Gn,  nerves  from  brain  to  the  cephalic 
lobes;  Ptj,  posterior  nerves  from  brain  to  pharynx;  PAn,  pharyn- 
geal nerve  from  origin  of  the  commissure.    2  A  i. 
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Fig.  7.  Cells  of  epidermal  organs.  A^  two  cells  from  the  manj- 
celled  glandy  showing  a  vacnole-like  secretion  ( F)  and  a  terminal 
process  (^Pr)  at  the  inner  end;  By  cells  of  the  sense  organs — a, 
central^  and  i,  peripheral ;  0,  one  of  the  large-grained  cells  of  the 
few-celled  epidermal  glands.    2  F  }. 

Fig.  8.  Silver  nitrate  preparation  of  part  of  peritoneum  over 
intestine,  showing  outlines  of  cells  and  one  of  the  pseudostomata 
cells,  P8C.    2  F  J. 

Fig.  9.  Part  of  the  nerve  plexus  on  the  inner  surface  of  the 
longitudinal  muscles  next  the  peritoneum.  Gold  chloride  prepara- 
tion.    2  D  }.   ^ 

Fig.  10.  Optical  section  of  some  of  the  radiating  fibers  of  the 
walls  of  the  stomach,  showing  the  central  nucleus.    4  D  (. 

Fig.  11.  Surface  view  of  the  expanded  branchiae  and  oral  disk. 
CI,  cephalic  lobe  on  median  dorsal  line.     X  25  diameters. 

Fig.  12.  Diagram  of  the  arrangement  of  the  branchiae  on  an 
infolded  membrane  forming  symmetrical  oral  ridges.  The  numerals 
indicate  the  number  of  br%nchi8B  upon  successive  infoldings.  D  and 
V,  dorsal  and  ventral  median  ridges;  DL  and  VL,  dorso-  and  ventro- 
lateral chief  ridges. 

Fig.  13.  Transverse  section  of  the  stomach  to  show  the  four 
great  ridges  of  radiating  fibers  reducing  the  lumen  to  an  X-shaped 
series  of  grooves.  Ef,  radial  fibers;  Aff,  one  of  the  mesenterial  fibers 
connecting  stomach  with  intestine;  P,  peritoneum  covered  by  chlo- 
ragogue  cells.    4  A  i. 

Fig.  14.  Spermatozoa  (/S)  and  portion  of  surface  of  ovum  (0) 
seen  in  section.  Yk,  yolk;  Z,  membrane  with  radial  tubes;  P, 
outer  coating  of  ovum  with  pseudopodia-like  processes  passing  out 
through  tubes  of  egg  membrane.    4  F  }. 

Fig.  15.  Corpuscles  from  body  cavity.  Oc,  giant  corpuscles  seen 
from  the  side  and  from  the  edge — 2  F  } ;  C,  large-grained  amoe- 
boid corpuscle;  (7",  small  amoeboid  corpuscles;  C,  colored  cor- 
puscles from  side  and  edge  views.    4  F  }• 

Fig.  16.    Colored  corpuscles  of  the  dorsal  blood  sac.    4  F  }• 

Fig.  17.  Longitudinal  section  of  one  of  the  intestinal  diverticula. 
P,  peritoneum ;  Ef,  radial  fibers. 

Fig.  18.  Longitudinal  Section  of  the  spindle  muscle  connected 
by  the  connective  tissue  part  of  the  mesentery  to  the  spiral  ascend- 
ing intestine,  which  is  cut  twice  transversely.  00,  ciliated  groove 
of  intestine;  N,  nerve  in  the  spindle  muscle;  P,  peritoneum  and 
chloragogue  cells  over  the  mesentery ;  M,  muscle  fibers  of  spindle 
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muBcle ;  PSy  pseadostoma  amongst  the  chloragogue  cells  over  the 
intestine.    2  A  1. 

Plate  XLVI. 

Fig.  19.  Gold  chloride  preparation  of  the  nerve  plexus  in  the 
walls  of  the  digestive  tract.  The  chief  trnnks  are  longitudinal. 
2D  J. 

Fig.  20.  Transverse  section  of  part  of  wall  of  nephridium  show- 
ing two  of  the  ridges  projecting  into  its  lumen.  P,  peritoneum; 
(7m,  circular  muscle  fiber ;  im,  longitudinal  muscle  fiber.    2  F  }. 

Fig.  21.  Longitudinal  section  of  part  of  wall  of  intestine  to  show 
ending  of  radial  fibers  (-S/*)  by  branching  among  ends  of  epithelium 
cells  (e).  Ohcy  chloragogue  cells;  Psc^  transverse  section  of  the 
funnel  of  a  pseudostoma;  /,  circular  fibers  cut  across;  /',  longitu- 
dinal fibers ;  n^  a  longitudinal  nerve  of  the  intestinal  plexus.    4  D  }. 

Fig.  22.  Ventral  view,  from  maceration,  of  gold  chloride  stained 
nerve  cord  and  lateral  nerves.  Xn,  lateral  nerve  arising  as  several 
fibers  in  a  connective  tissue  sheath  and  distributed  in  walls  of  body 
as  numerous  ring  nerves;  Cuj  ventral  commissure  uniting  ring 
nerve  of  one  side  with  that  of  other  side,  and  passing  ventral  to  cord 
in  body  wall.    2  A  }. 

Fig.  23.  Section  of  outer  part  of  wall  of  intestine  to  show  a 
pseudostoma  and  chloragogue  cells.  Psc^  crescentric  cell  with 
nucleus  cut  in  half,  guarding  opening  into  funnel,  occupied  by  a 
granular  cell  (ff);  Chcy  chloragogue  cell  with  large  granules;  /, 
fibers  of  wall  internal  to  peritoneum.  4  F  }. 
•  Fig.  24.  Transverse  section  of  ciliated  groove  of  the  ascending 
intestine  when  open.    4  D  }. 

Fig.  25.    The  same  when  nearly  closed.    Rfj  radial  fibers.    4  D  i(. 

Fig.  26.  Gold  preparation  of  part  of  sub-epidermal  nerve  plexus. 
The  larger  trunks  are  longitudinal.    2  D  }. 

Plate  XLVII. 

Fig.  27.  One  half  of  a  transverse  section  of  the  ventral  nerve 
cord.  (7,  connective  tissue  sheath  around  the  nerve  substance; 
DMy  dorsal  muscle  in  the  sheath ;  QCy  large  ganglion  cells  in  the 
layer  of  ganglionic  cells  on  the  ventral  aspect  of  the  nerve  substance. 
4Dxi. 

Fig.  28.  Section  of  terminal  part  of  a  process  of  the  female 
reproductive  organ,  showing  the  large  ova  and  the  fiat  peritoneal 
investment.  Pn,  nucleus  of  peritoneal  membrane.  2  F  Xi-  At 
the  left  the  ova  are  ready  to  break  loose. 
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Fig.  29.  Section  of  part  of  wall  of  descending  intestine  to  show 
a  ciliated  pit  and  the  granular  cells  lining  the  intestine.  N,  part  of 
nerve  plexus  amongst  the  radial  fibers  (£/*) ;  /,  circular  fibers  near 
basement  membrane.    4  F  X  i. 

Fig.  30.  Transverse  section  of  one  half  of  brain.  BGy  body 
cavity;  Bls^  blood  sinus;  Com^  commissure  passing  into  fibrous 
ventral  part  of  brain ;  DO^  dorsal  ganglionic  investment  of  brain 
containing  one  of  the  two  dorsal  horns  of  fibrous  substance,  external 
to  which  is  shown  the  brain  tube  in  cross-section^  with  its  central 
refracting  contents;  BM^  retractor  muscle  mass  on  side  of  brain; 
8y  connective  tissue  investment  of  brain,  dorsal  and  ventral.   2  D  Xi. 

Fio.  31.  Longitudinal  section  of  the  brain  near  and  parallel  to 
the  median  plane.  Cl^  cephalic  lobe  cut  longitudinally;  On^ 
cephalic  nerves ;  Ep^  epidermis  dorsal  to  brain  and  directly  continu- 
ous with  it;  DO,  dorsal  ganglia  cells;  PQ,  large  posterior  ganglia 
cells;  BGi  anterior  termination  of  body  cavity  on  median  plane; 
Bls^  blood  sinus  ventral  and  anterior  to  brain;  RM^  retractor 
muscle  mass  posterior  to  brain  receiving  nerves  {mri),    4  A  X^* 

Fig.  32.  Transverse  section  of  one  half  of  brain  and  cephalic 
lobe  at  point  of  origin  of  commissures,  but  anterior  to  Fig.  30. 
Cli  one  half  of  cephalic  lobe  showing  the  lateral  groove  and  branch- 
ing cephalic  nerves  (C7n);  Lp^  lateral  pit  extending  horizontally 
ventral  to  cephalic  lobe,  connected  with  its  fellow  immediately 
anterior  to  this  section  across  median  line  (where  the  epidermal  cells 
are  seen  cut  tangentially).  At  the  outer  corner  (f )  this  pit  penetrates 
the  brain  in  more  posterior  sections,  as  the  brain  tube  (Fig.  30). 
A  BrUj  anterior  branchial  nerves  cut  at  point  of  origin.  Other 
letters  as  in  Fig.  30.    2  D  Xi. 

Fig.  33.  Diagram  illustrating  arrangement  of  nerves  in  body 
wall.  Vcy  ventral  nerve  cord  giving  off  lateral  branches  through  the 
longitudinal  muscles  (ZJ/) ;  LM^  longitudinal  muscles  pierced  by 
the  lateral  nerves  from  cord,  which  then  form  ring  nerves  giving 
back  radiating  nerves  to  a  plexus  on  inner  face  of  longitudinal 
muscles ;  CMy  circular  muscles  pierced  by  radiating  branches  from 
the  ring  nerves  and  covered  externally  by  the  sub-epidermal  plexus; 
Epy  epidermis  of  polygonal  cells  removed,  except  at  right  end,  in 
order  to  show  the  sub-epidermal  plexus. 

Baltimore,  May  80, 1890. 
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Intkodtjotion. 

The  problem  of  the  phylogeny  of  Arthropods  has  recently  been 
attracting  much  attention  among  biologists.  Most  observations, 
however,  have  been  upon  the  Omstacea,  Limulus,  Peripatus  and 
the  Arachnids,  nearly  all  writers  contenting  themselves  with  a 
few  statements  of  the  ^^  probabilities ''  concerning  the  Hexapods 
and  Myriapods. 

The  theory  of  Brauer  and  Lubbock,  that  the  insects  are  derived 
from  a  Campodea-like  ancestor,  was  in  a  great  measure  the 
result  of  the  discovery  that  in  widely  separated  groups  Oampodear 
like  larvae  occur,  and  the  theory  was  formulated  almost  entirely 
from  external  features.  Important  for  the  acceptance  or  rejec- 
tion of  this  belief,  therefore,  as  is  the  study  of  the  anatomy  of 
larvae  and  of  the  Thysanura,  to  which  group  Campodea  belongs, 
almost  nothing  in  this  line  has  been  attempted,  and  the  scattered 
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papers  forming  the  literature  of  the  subject  abound  in  inaccu- 
racies and  wrong  inferences. 

The  group  Thysanura  as  given  by  Claus  ('85)  really  consists 
of  two — the  Cinura,  including  the  genera  Campodea,  Japyx, 
Machilis,  Lepisma,  etc. — and  the  CoUembola,  a  larger  group 
including  the  genera  Smynthurus,  Tomocerus,  Podura,  Lipura, 
etc.  To  these  two  has  recently  been  added  a  third — the  Sym- 
phyla— containing  the  single  genus  Scolopendrella. 

The  anatomy  of  most  of  the  Cinura  is  now  quite  well  known, 
thanks  to  the  patient  and  careful  labors  of  Grassi,  Oademans 
and  others,  but  for  the  anatomy  and  histology  of  the  Collembola 
I  have  been  able  to  find  l)ut  one  recent  paper — an  article  upon 
Macrotoma  (Tomocerus)  by  Sommer  ('85). 

Oor  ignorance  of  these  groups  and  the  value  of  a  knowledge 
of  them  for  the  student  of  the  phylogeny  of  Arthropods  has 
induced  me  to  devote  my  attention  chiefly  to  these  forms.  My 
studies  have  been  upon  a  degenerate  GoUembolan,  Anurida 
maritima,  and  upon  the  Cinuran,  Lepisma  saccharina.  I  shall 
here  give  the  results  of  these  studies,  following  which  I  shall 
endeavor  to  give  a  summary  and  consideration  of  the  moat 
prominent  views  as  to  the  phylogeny  of  the  Arthropods  and 
especially  of  the  Hexapods,  examining  some  portions  by  the 
light  of  the  studies  just  preceding*  Finally  I  shall  sum  up  the 
conclusions  reached  and  offer  a  few  suggestions  as  to  the  origin 
of  the  group  and  the  possible  paths  along  which  its  main 
branches  may  have  developed. 

Akatomt  of  Anubida  mabitima,  Gueb. 

This  little  animal  occurs  along  the  eastern  and  the  western 
shores  of  the  Atlantic  Ocean.  It  has  been  reported  from  Havre 
(Laboulbene,  '64)  and  Treport,  France  (Nicolet,  '47),  from 
St.  Andrews,  Scotland,  and  Kinsale,  Ireland  (Lubbock,  '73), 
and  in  this  country  from  Nantucket,  Mass.  (Packard,  '73),  and  I 
have  myself  found  it  abundant  at  Annisquam,  Mass.,  on  the 
northern  side  of  Gape  Ann.  It  is  found  between  high  and  low 
water-marks,  in  crevices  of  the  rocks,  under  small  stones,  or 
floating  helplessly  about  in  the  tide  pools,  where  it  frequently 
forms  clusters  of  some  little  size.  It  is  slow  in  movement  and 
is  easily  captured,  and,  according  to  Laboulbene,  feeds  on  small 
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moUuBkB,  it  being  only  necessary  to  place  one  of  these  with  its 
shell  crushed,  near  the  crevices  where  the  Anurida  lives,  to 
obtain  large  numbers  of  them  collected  about  the  food. 

PSEPABATION. 

The  animals  were  placed  either  in  an  aqueous  solution  of 
picro-sulphuric  acid  to  which  a  little  ether  had  been  added,  or 
in  Perenyi's  Fluid,  similarly  treated.  In  the  former  fluid  the 
specimens  were  left  two  hours,  and  in  the  latter  one  hour,  after 
which  they  were  slowly  raised  through  diflferent  grades  of  alcohol 
to  that  of  90  per  cent.  The  ether  was  added  to  dissolve  the  fatty 
matter  with  which  these  animals  are  covered,  that  the  killing 
agents  might  penetrate  more  rapidly. 

After  a  few  unsuccessful  attempts  to  stain  in  totOj  I  found  that 
the  best  results  were  secured  by  placing  the  animals  for  about 
twelve  hours  in  absolute  alcohol,  then  in  succession  three  hours 
in  chloroform,  one  hour  in  a  solution  of  parafBne  in  chloro- 
form, three  hours  in  melted  soft  para£Sne,  and  finally  six  hours 
in  melted  hard  paraffine.  These  lengths  of  time  were  varied, 
but  those  here  given  proved  about  the  best.  The  specimens 
were  now  imbedded  and  sections  cut  with  a  Schanze  microtome, 
to  one  half  of  one  of  the  sixty  divisions  of  the  drum  wheel,  or 
about  one  four-hundredth  of  a  millimeter. 

The  sections  were  fixed  to  the  slides  with  Mayer's  Albumen 
Fixative,  after  coagulating  which,  the  slides  were  passed  succes- 
sively through  turpentine,  absolute  alcohol,  ninety,  eighty  and 
seventy  per  cent  alcohol,  four  minutes  in  each,  then  placed  for 
three  minutes  in  Bohmer's  Hematoxylin.  They  were  then 
washed  in  one  half  per  cent  alum  solution  to  which  an  equal 
volume  of  ordinary  alcohol  had  been  added,  and  were  then  passed 
through  the  various  grades  of  alcohol  in  the  reverse  order;  placed 
in  turpentine  for  several  minutes,  and  then  mounted  in  Canada 
Balsam. 

ExTEHKAL  Anatomy. 

The  adult  insect  is  from  2  to  3  mm.  in  length,  rather  linear 
in  form,  and  of  a  shining  blue-black  color,  lighter  in  young 
specimens. 

The  body  is  distinctly  divided  into  head,  thorax  and  abdomen. 
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The  head  is  rather  flattened  .and  pointed  in  front,  so  that  on  side 
view  it  resembles  a  right  triangle,  the  ventral  surface  representing 
the  altitude,  and  its  lin&  of  attachment  to  the  thorax,  the  base. 
On  the  dorsal  surface  of  the  head,  in  front,  are  the  two  antennse, 
simple  and  usually  three-jointed,  though  I  have  observed  four 
joints  in  a  few  instances  (Fig.  46).  Lubbock  ('73)  states  that 
mutilation  of  the  antennsa  is  extremely  common  in  this  group, 
and  that  a  reproduction  of  the  lost  part  is  frequent  at  the  next 
molt.  If  so,  this  will  explain  the  different  number  of  joints  in 
different  individuals;  but  as  the  terminal  joint  in  those  having 
but  three,  is  in  form  and  size  like  the  terminal  joints  of  those 
having  four,  besides  having  well  developed  sense  organs,  I  am 
doubtful  whether  mutilation  is  the  cause  of  this  variation. 

The  terminal  joint  is  usually  somewhat  larger  than  the  others, 
and  bears  on  its  tip  a  cluster  of  bristles  and  on  its  dorsal  inner 
surface  a  trilobed  sense  organ.  On  each  side  of  the  head,  just 
behind  the  base  of  the  antenna,  in  a  slight  depression,  is  a 
peculiar  structure — the  post-antennal  organ — first  described  by 
Laboulb^ne  ('64).  Just  behind  this  is  a  cluster  of  five  simple 
eyes  ('^ocelli")  imbedded  in  a  mass  of  pigment,  denser  here  than 
elsewhere. 

The  mouth  (Fig.  3)  is  nearly  terminal,  only  slightly  ventral, 
and  is  a  circular  opening,  with  a  cleft  extending  back  a  short 
distance  on  the  ventral  median  line. 

The  thorax  consists  of  the  prothorax,  mesothorax  and  meta- 
thorax,  all  distinct,  and  each  bearing  a  pair  of  five-jointed  legs, 
ending  in  a  simple  claw.  There  are  no  lobes  or  ridges  on  the 
dorsal  surface  of  the  thorax. 

The  abdomen  consists  of  six  segments.  On  the  under  surface 
of  the  first  segment  is  the  abdominal  vesicle  or  ventral  tube, 
which  consists  of  a  somewhat  antero-posteriorly  elongated  pro- 
tuberance, with  a  median  longitudinal  cleft.  Passing  forward 
from  the  bottom  of  the  cleft  along  the  ventral  mid-line  to  the 
posterior  end  of  the  ventral  cleft  of  the  mouth  is  a  peculiar  tube- 
like structure.  The  anus  is  terminal ;  ventral  to  it,  and  opening 
on  a  small  papilla  of  the  fifth  segment,  is  the  single  genital 
opening.  There  is  no  external  indication  of  any  structure  in  the 
adult  resembling  the  "  spring  "  possessed  by  most  of  the  Oollem- 
bola,  but  in  the  young,  Ryder  ('86)  describes  two  processes  on 
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the  ventral  Burface  of  the  fourth  segment  which  he  conBiders  a 
rndimentary  "  spring." 

Intkgtjmint. 

The  integument  consists  of  a  hypodermis  which  secretes  an 
external  chitinons  cnticala,  and  rests  npon  a  basement  mem- 
brane (Fig.  2).  Its  thickness  varies,  being  less  on  the  under 
surface  of  the  animal,  and  greatest  on  the  head  (Fig.  3),  but 
averaging  from  0.03  mm.  to  0.04  mm. 

The  cells  of  which  it  is  composed  show  no  boundaries,  and  are 
nearly  filled  with  a  dense  black  pigment  which,  in  the  specimens 
examined,  concealed  all  nuclei  from  sight,  and  which  immersion 
of  the  sections  in  45  per  cent  nitric  acid  for  ten  minutes  failed 
to  remove.  In  young  specimens  the  pigment  is  less  dense  and 
does  not  fill  the  cells  so  completely,  thus  giving  the  animal  a 
lighter  color. 

The  cuticula  also  varies  in  thickness  in  difierent  parts  of  the 
body,  but  is  usually  thinner  than  the  underlying  hypodermis. 
It  is  transparent  and  colorless,  and  is  quite  thickly  covered  by 
somewhat  irregularly  conical  protuberances  which  show  a  ten- 
dency to  an  arrangement  in  rows  (Fig.  1).  When  examined  in 
section,  some  specimens  indicate  a  partial  separation  into  two 
layers,  one  internal,  the  other  external,  the  line  of  separation 
passing  just  below  the  bases  of  the  protuberances  (Fig.  2).  Scat- 
tered among  the  protuberances  are  long  bristles,  generally  in 
small  groups,  many,  probably  all,  sensory  in  function. 

The  basement  membrane  on  which  the  hypodermis  rests  is 
apparently  structureless,  and  marks  the  external  limit  of  the 
body  cavity.  In  many  places  this  membrane  is  separated  from 
the  hypodermis  by  the  fat  body,  or,  as  it  is  called  by  Sommer 
('85),  the  "  Exkretionsorgane,"  which  attaches  directly  to  the 
hypodermis,  and  over  the  surface  of  which  the  membrane  is 
reflected. 

In  some  places  the  integument  undergoes  special  modifications, 
especially  in  connection  with  the  sense  organs.  In  every  case, 
however,  the  superficial  modifications  are  hypodermic,  and  the 
cuticula  is  secreted  as  a  closely  fitting  outer  coat  conforming  to 
this  modification,  the  apparent  exception  of  the  post-antennal 
organ  to  this  not  being  a  real  one. 
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MusouLAB  System. 

The  muscles  are  well  developed  and  follow  definite  courses, 
with  little  variation  in  different  specimens.  They  attach  them-, 
selves  to  the  cnticnla  on  its  inner  face,  at  which  points  the  hjpo- 
dermis  is  somewhat  modified,  losing  its  pigment,  and  apparently 
itself  becoming  somewhat  chitinous  (Fig.  6).  When  the  attach- 
ments are  internal  they  may  be  either  to  the  tunica  propria  or 
to  chitinous  bodies,  themselves  held  in  place  by  other  muscles 
passing  in  various  directions  to  the  outer  surface. 

The  muscles  either  cross  or  pass  along  the  walls  of  the  body 
cavity  in  which  they  lie.  They  consist  of  from  one  fiber  to 
several  bundles,  but  each  fiber  is  surrounded  by  a  sarcolemma, 
and  when  several  fibers  form  a  bundle  a  perimysium  is  also 
apparently  present. 

The  muscles  differ  histologically,  forming  two  classes.  In  one 
class  the  fibers  seem  very  granular,  have  rather  poorly  defined 
outlines,  and  only  faint  indications  of  light  and  dim  bands 
(Fig.  6).  In  the  other  class  the  outlines  are  very  distinct,  and 
the  light  and  dim  bands  show  plainly,  and  many  fibers  distinctly 
show  Erause's  membrane  bisecting  the  light  bands  at  right 
angles  to  the  direction  of  the  fiber  (Fig.  8). 

Digestive  System. 

The  oral  opening  leads  into  a  buccal  cavity  of  considerable 
size,  which  in  longitudinal  section  (Fig.  3)  is  seen  to  divide 
posteriorly  into  a  dorsal  and  a  ventral  chamber.  The  dorsal 
chamber  is  the  beginning  of  the  pharynx,  and  is  nearly  circular 
in  cross  section.  The  ventral  chamber  is  broad  and  bent  dorsally 
at  the  sides.  A  little  behind  the  point  of  separation  from  the 
dorsal  chamber  it  divides  into  two  pouches,  one  on  each  side, 
which  continue  backward  for  some  distance,  and  also  bend 
dorsally.  Arising  from  the  inner  ends  of  these  pouches,  and 
passing  forward  into  the  buccal  cavity,  are  two  pairs  of  jaws, 
mounted  on  long  hollow  stalks.  One  pair  arise  dorsal  and  lateral 
to  the  other  pair ;  the  four  together,  when  seen  in  cross  section, 
forming  a  broadly  open  V,  with  its  lower  angle  unmarked. 

The  homologies  of  these  jaws  I  have  been  unable  to  determine 
with  certainty,  but  consider  the  dorso-lateral  pair  as  representing 
the  maxillsB,  and  the  others  the  mandibles,  of  the  higher  insects. 
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The  maxillsB  (Fig.  9)  are  divided  at  their  tips  into  three  pro- 
cesses. Of  these  the  middle  one  bears  irregular  blunt  teeth, 
-while  that  on  one  side  has  a  large  number  which  are  long  and 
fine,  and  that  on  the  other  side  fewer,  shorter,  saw-like  ones. 
The  three  processes  are  apparently  movable,  and  are  probably 
controlled  by  muscles  which  pass  within  the  chitinous  shell  of 
the  maxilla  stalks  from  their  tips  to  their  bases. 

The  mandibles  (Fig.  10)  end  in  a  single  blade-like  process,  bear- 
ing a  few  irregular  teeth.  A  muscle  here  also  passes  from  the  tip 
of  the  stalk  to  the  base,  but  its  function  must  differ  from  that  of 
the  maxillary  muscle,  as  the  mandibular  process  seems  to  be 
firmly  fixed  to  the  stalk,  and  not  attached  to  it  by  a  joint. 

The  walls  of  the  ventral  chamber  and  of  the  two  pouches  are 
lined  by  granular  cells,  with  large  deeply  staining  nuclei.  They 
much  resemble  gland  cells.  They  are  covered  externally  by  the 
chitinous  cuticle  lining  the  mouth  cavity  and  fore-gut,  and  which 
is  here  thin  and  delicate. 

On  the  dorsal  median  line  of  the  ventral  chamber  is  a  chitinous 
ridge  extending  forward  to  where  this  chamber  joins  the  buccal 
cavity.  The  arrangement  of  the  neighboring  muscles  seems  to 
indicate  that  this  ridge  may  serve  as  a  sort  of  fulcrum  for  obtain- 
ing certain  motions  of  the  jaws,  and  as  a  firm  attachment  for 
other  muscles  running  to  different  parts  of  the  head. 

The  muscles  for  moving  these  jaws  are  quite  numerous,  and 
there  are  also  sets  of  extensor  and  retractor  muscles  to  move  the 
chambers  containing  the  jaws  themselves  forwards,  that  the  latter 
may  protrude  from  the  mouth,  and  to  draw  the  chambers  back 
into  the  cavity  of  the  head.  In  this  last  position  the  lateral 
pouches  often  extend  nearly  to  the  back  of  the  head. 

The  pharynx  bends  upward  and  then  backward,  extending  to 
the  anterior  surface  of  the  brain,  beneath  which  it  passes  through 
the  circum-cesophageal  commissure,  at  the  same  time  changing 
its  structure  and  becoming  the  oesophagus.  This  extends  to  the 
posterior  end  of  the  prothorax,  where  it  joins  the  mid-gut,  the 
pharynx  and  cesophagus  together  forming  the  fore-gut. 

The  odsophagus  is  lined  by  a  delicate  chitinous  cuticle  which 
is  thrown  into  irregular  folds  (Figs.  4,  5).  Immediately  sur- 
rounding it  is  a  granular  protoplasmic  layer  containing  numerous 
round  or  oval  nuclei.    Cell  walls  are  either  indistinguishable  or 
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Dearly  so,  but  longitudinal  sections  show  the  cell  limits  by  slight 
depressions  of  the  cuticle,  alternating  with  the  nuclei.  The  cells 
rest  upon  a  very  delicate  tunica  propria,  which  separates  them 
from  the  layer  of  circular  muscles.  Each  muscle  fiber  completely 
encircles  the  oesophagus,  and  the  fibers  are  closely  packed  side  by 
side  and  are  of  the  striped  variety.  On  the  median  dorsal  line 
is  the  nucleus  of  each  fiber.  External  to  this  layer  of  muscles  is 
a  delicate  connective  tissue  membrane,  the  membrana  limitans 
externa  of  many  writers.  There  are  no  longitudinal  muscle 
fibers. 

The  pharynx  diflTers  from  the  oesophagus  only  in  having  its 
circular  muscle  layer  more  developed,  and  in  having  dilator 
muscles— dilatores  pharyngis — which  attach  themselves  to  the 
tunica  propria,  pushing  in  between  the  circular  fibers  and 
passing  to  their  various  points  of  origin.  There  are  three  groups 
of  these  muscles,  two  dorsal  and  one  ventral.  One  dorsal  group 
passes  forward  from  its  attachment,  its  fibers  diverging  to  the 
right  and  left  sides  and  becoming  joined  to  the  body  wall.  The 
other  dorsal  group  passes  directly  upward  in  front  of  the  brain, 
its  fibers  also  diverging  to  the  right  and  left.  The  ventral  group 
runs  directly  back  beneath  the  pharynx  to  a  point  between  it  and 
the  sub-oesophageal  ganglion.  Here  the  fibers  attach  to  a 
chitinous  mass  held  in  place  by  steadying  muscles,  which  pass  in 
various  directions  to  the  body  wall.  The  function  of  the  dorsal 
groups  of  muscles  is  to  pull  the  pharynx  forward  and  upward,  and 
that  of  the  ventral  group  to  pull  it  back. 

At  the  hind  end  of  the  prothorax  the  oesophagus  enters  the 
anterior  end  of  the  mid-gut,  into  which  it  protrudes  slightl7, 
forming  a  papilla  (Fig.  12).  As  the  mid-gut  has  about  three 
times  the  diameter  of  the  fore-gut,  and  this  papilla  enters  it  close 
to  its  ventral  wall,  a  dorsal  and  lateral  pocket  is  formed,  which 
has  been  homologized  with  the  proventriculus  of  the  higher 
insects,  but,  as  it  seems  to  me,  on  very  slight  grounds.  The 
proventriculus  in  most  insects  is  separated  by  a  small  tube  froia 
the  stomach,  which  is  the  organ  homologous  with  the  mid-gut 
here,  and  can  be  easily  understood  as  an  enlargement  of  the 
oesophagus.  If  the  tube  posterior  to  it  and  connecting  it  with 
the  stomach  were  pushed  into  the  latter  to  form  the  papilla,  even 
then  the  proventriculus  would  not  assume  the  position  pf  this 


THE  RELATIONSHIPS  OF  ARTHROPODS.       43» 

pocket,  and  I  am  more  inclined  to  consider  this  structure  as  the 
incidental  product  of  the  union  of  the  stomodsBum  and  mesenteron 
and  functioning  as  a  sort  of  valve. 

Just  at  the  base  of  the  papilla  the  circular  muscles  form  a 
close  ring,  and  constitute  what  may  together  with  the  papilla 
be  termed  the  cardiac  valve. 

The  papilla  consists  of  elongated,  club-shaped  cells,  the  larger 
ends  protruding  towards  the  mid-gut.  The  cell  boundaries  are 
very  indistinct.  The  papilla  is  evidently  a  part  of  the  fore-gut, 
as  it  is  covered  by  a  chitinous  cuticle,  which  ceases,  however,  at 
the  bottom  of  the  pocket  described  above  (Fig.  12). 

The  mid-gut  extends  to  the  end  of  the  fourth  abdominal 
segment,  increasing  slightly  in  its  diameter  towards  its  hinder 
end,  but  contracting  again  before  joining  the  hind-gut.  Its 
structure  is  quite  uniform  throughout.  It  consists  of  a  layer  of 
cubical,  almost  columnar,  polygonal,  epithelial  cells,  each  cell 
containing  near  its  center  a  quite  largo  oval  nucleus,  showing 
several  chromatin  granules  (Figs.  11, 13, 14, 15).  Many  of  the 
cells  contain  vacuoles,  generally  near  their  bases,  and  some  have 
also  a  large  spot  of  chromatin-like  substance  in  some  part  of  the 
cell.  The  free  surface  of  the  epithelium  when  examined  with  a 
Zeiss  D.  Oc.  4  shows  a  deepnatained  narrow  band,  but  under  a 
one-twelfth  inch  immersion  objective  this  becomes  a  narrow 
border  outside  the  cell  boundary,  and  apparently  composed  of 
fine  hairs.  I  am  inclined  to  believe  that  my  specimens  were  not 
killed  quickly  enough  to  preserve  these  portions  as  well  as  could 
be  desired,  and  that  this  border  is  the  "  Harchensaum "  of 
Frenzel  ('86),  which  he  finds  in  the  mid-gut  of  Crustacea  and 
insects,  and  which  he  apparently  considers  as  one  kind  of  eilia, 
for  he  says,  '^  Die  Wimperzellen  konnte  man  dann  zweckmassig 
in  Flimmerzellen  und  Harchen-  (Harchensaum)  zellen  ein- 
theilen." 

The  cell  walls  vary  greatly  in  their  distinctness,  being  well 
marked  in  some  and  hardly  to  be  seen  in  others.  I  am  inclined 
to  attribute  this  latter  condition  also  to  poor  preservation.  The 
epithelium  is  not  thrown  into  folds,  but  lies  quite  smoothly,  and 
rests  on  a  very  delicate  tunica  propria  continuous  with  that  of 
the  fore-gut. 

The  mid-gut  has  both  circular  and  longitudinal  muscles.   The 
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former  are  much  smaller  than  those  of  the  (BSophagnB,  and  are 
some  distance  apart  (Fig.  11).  Otherwise  they  are  qnite  like 
those  of  the  fore-gut.  The  longitudinal  muscles  are  also  very 
small.  They  are  scattered  over  the  outer  surface  of  the  mid-gut, 
external  to  the  circular  fibers,  and  are  very  unimportant  in  ita 
anterior  portion.  In  the  posterior  portion  both  layers  become 
more  extensively  developed  (Figs.  14, 15).  External  to  all  is  an 
enveloping  connective  tissue  membrane. 

The  appearance  of  the  epithelium  of  the  mid-gut  differs  greatly 
at  different  times,  especially  during  ecdysis,  and  these  changes 
will  be  described  later. 

The  hind-gut  extends  through  the  fifth  and  sixth  abdominal 
segments,  and  opens  to  the  exterior  between  a  large  dorsal 
papilla  and  two  smaller  ventral  ones,  placed  almost  at  the 
extreme  tip  of  the  body.  Where  the  mid-gut  and  the  hind-gnt 
join,  the  epithelium  becomes  columnar  and  forms  a  thickened 
band,  external  to  which  is  a  bundle  of  circular  muscle  fibers, 
forming  a  valve  which  maybe  termed  the  pyloric  valve  (Fig.  16). 

The  epithelium  of  the  hind-gut  consists  of  low  granular  cells 
thrown  into  irregular  folds  and  ridges  projecting  into  the  lumen. 
The  cells  rest  upon  a  tunica  propria  which  is  very  delicate. 
External  to  this  are  scattered  circular  muscles,  which  do  not 
follow  the  epithelium  in  its  foldings,  and  thus  spaces  are  left 
between  them  and  the  tunica  propria  (Fig.  17).  The  epithelium 
contains  large  oval  nuclei,  showing  several  chromatin  granules. 
On  the  surface  bordering  the  lumen  is  excreted  a  chitinous  cuticle, 
bearing  neither  hairs  nor  spines. 

The  circular  muscle  fibers  which  are  attached  to  the  tunica 
propria  at  intervals,  are  of  the  striped  variety,  and,  as  in  the  fore- 
gut,  each  fiber  completely  surrounds  the  gut.  External  to  these 
muscles  is  a  connective  tissue  membrane,  which  bends  down  on 
each  side  of  the  muscle  fiber  till  it  touches  the  tunica  propria. 

In  these  hollows  blood  corpuscles  may  frequently  be  observed, 
and  Sommer,  who  observed  a  similar  structure  in  Tomocems, 
suggested  that  aeration  of  the  blood  takes  place  here.  On  the 
other  hand  the  cavities  appear  to  form  a  part  of,  and  to  be  in 
free  communication  with,  the  general  body  cavity  in  which  blood 
corpuscles  are  abundant,  and  for  this  reason  I  see  no  indication 
that  we  have  here  to  deal  with  any  special  mechanism  more  than 
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anywhere  in  the  gut  It  seems  to  me  that  this  relation  of  the 
muscles  to  the  epithelium  secures  a  more  complete  closure  of  the 
lumen^  thus  aiding  in  the  expulsion  of  the  fseces^  and  accomplish- 
ing this  more  effectually  than  if  the  muscles  were  attached  con- 
tinuously. 

!N^o  longitudinal  muscles  occur,  but  from  various  points  on  this 
portion  of  the  gut,  muscles — dilatores  recti — pass  dorsally, 
laterally  and  ventrally  to  the  body  wall,  thus  serving  the  same 
purpose  as  longitudinal  muscles. 

Certain  features  about  the  digestive  tract  as  a  whole  are  worth 
noting.  We  have  here  to  do  evidently  with  a  very  simple 
structure  and  plainly  derived  from  the  proctodseum,  stomodsBum 
and  mesenteron  of  the  embryo,  and  but  little  modified  therefrom. 
The  three  parts  are  separated  by  simple  valves;  there  are  no 
diverticula  of  either  portion,  and  the  histological  structure 
corresponds,  the  epithelium,  tunica  propria,  circular  muscles,  and 
connective  tissue  membrane  being  present  in  all  three  portions. 
The  chitinous  cuticle  of  the  fore  and  hind  guts  is  replaced  in  the 
mid-gut  by  the  "  Hfirchensaum,"  and  the  longitudinal  muscles 
of  the  mid-gut  are  in  the  fore  and  hind  guts  replaced  by  dilator 
muscles  passing  outward  to  the  body  wall. 

Fat  Body. 

Occupying  a  large  portion  of  the  body  cavity  is  a  mass  of  tissue 
which  constitutes  the  "  Exkretionsorgane  "  of  Sommer,  and  which 
I  regard  as  corresponding  to  the  fat  body  of  higher  insects. 

In  the  first  abdominal  segment  it  consists  of  a  large  mass  lying 
on  each  side  of  the  gut,  and  pressing  against  it,  but  having  no 
prolongations  to  the  outer  surface  of  the  body.  In  the  meta- 
thorax  occurs  a  prolongation  to  the  hypodermis,  just  ventral  to 
the  legs.  Farther  forward  this  attachment  becomes  lost,  and 
anterior  to  the  metathoracic  nerve  ganglion  a  lateral  one  appears. 
This  also  soon  ends,  and  in  the  region  of  the  mesothoracic  gang- 
lion an  attachment  just  external  to  the  legs  is  formed.  In  front 
of  this  ganglion,  this  in  its  turn  becomes  lost  and  the  lateral 
attachment  reappears.  At  the  prothoracic  ganglion  it  again 
forms  a  prolongation  to  the  body  wall  just  external  to  the  legs, 
bile  the  two  portions  which  press  against  the  sides  of  the  gut 

;e  and  surround  both  it  and  the  heart,  which  has  now  bent  ven- 
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trally  into  close  proximity  to  the  gut.  In  the  back  of  the  head 
this  portion  extends  to  the  dorsal  hypodermis  to  which  it 
4kttaches,  losing  its  other  attachments.  A  little  behind  the  brain 
it  splits  into  two  bands,  one  dorsal  to  the  other.  The  dorsal 
portion  passes  forward,  becoming  reduced  in  size,  and  disappears 
just  behind  the  brain.  The  ventral  band  splits  into  a  right  and 
,a  left  half,  and  these  diverge,  passing  around  the  sides  of  the  brain, 
just  anterior  to  which  they  end. 

In  the  abdomen  the  limits  of  the  fat  body  are  more  indefinite 
and  it  seems  to  occupy  the  greater  part  of  the  body  cavity, 
attaching  itself  at  many  points  to  the  hypodermis. 

Similar  masses  of  tissue  occur  in  various  portions  of  the  body. 
Two  particularly  noticeable  masses  lie,  one  on  each  side  of  the 
ventral  nerve  cord,  in  the  thorax.  In  many  places  the  hypo- 
dermis is  lined  internally  by  a  narrow  strip  of  this  tissue. 

When  examined  with  the  microscope  the  fat  body  is  seen  to 
.consist  of  a  reticular  network  of  fibers  inclosing  many  granular 
portions,  and  containing  many  large  deeply  staining  nuclei 
(Fig.  7).  Its  limits  are  sharply  defined  by  an  external  mem- 
brane directly  continuous  with  the  basement  membrane  of  the 
hypodermis  when  the  fat  body  is  attached  to  the  body  wall. 

Sommer  ('85),  describing  a  similar  structure  in  Tomocerus, 
states  that  it  contains  large  numbers  of  concretions  of  a  dirty 
white  color  in  direct  light,  and  pale  green  in  reflected  light,  and 
which  appear  to  consist  of  calcic  carbonate  (CaOOj).  In  my 
specimens,  with  two  exceptions,  I  have  failed  to  find  any  trace 
of  these  concretions.  These  two  exceptions,  however,  show, 
imbedded  in  the  reticular  tissue,  what  appear  to  be  large  gran- 
ular irregularly  shaped  masses,  of  a  dirty  yellow  color.  More 
than  this  I  have  failed  to  discover.  From  their  entire  absence 
in  most  examples  I  conclude  that  they  are  transient  formations, 
or  else  that  they  were  entirely  dissolved  by  the  action  of  the 
acids  used  in  the  processes  of  preparation,  except  in  the  two 
cases  mentioned.  In  those  cases  the  granular  masses  seemed 
unaffected  by  the  stains,  as  one  was  stained  with  Bohmer's 
HfiBmatoxylin,  and  the  other  with  Grenacher's  Borax-carmine, 
yet  the  color  of  the  concretions  was  alike  in  both. 
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CiitouLATOBY  System. 

The  circulatory  system  consists  of  a  dorsally  placed  heart, 
anteriorly  continned  as  an  aorta,  and  of  the  body  cavity.  These 
contain  the  plasma  and  corpascles  constituting  the  blood. 

The  heart  lies  on  the  median  dorsal  line  just  beneath  the  hypo- 
dermis,  and  ends  posteriorly  just  above  the  junction  of  the  mid- 
gut and  hind-gut,  at  the  pyloric  valve  (Fig.  18). 

From  its  tip,  which  is  slightly  rounded,  a  thread  of  connective 
tissue  runs  back  a  short  distance  and  attaches  to  the  dorsal 
hypodermis  on  the. mid-line. 

From  its  hinder  end  the  heart  passes  forward  along  the  dorsal 
wall  (Fig.  20)  to  the  region  of  the  fore-gut.  Here  it  bends  down 
towards  the  gut,  to  which  it  becomes  attached  by  connective 
tissue  fibers  (Fig.  21).  At  the  cardiac  valve  its  structure  is 
unchanged,  but  it  becomes  slightly  smaller,  and  there  being  no 
ostia  anterior  to  this  place  it  is  now  termed  the  aorta.  This  rests 
directly  upon  the  dorsal  wall  of  the  fore-gut.  Passing  forward 
we  find  the  relations  of  the  two  changing ;  at  the  front  portion  of 
the  prothoraz  (Fig.  23)  it  becomes  flattened,  and  at  the  back  of 
the  head  (Fig.  25)  more  than  half  encircles  the  oesophagus.  A 
little  farther  forward  it  entirely  surrounds  the  gut,  the  walls  of 
which  are  bathed  on  all  sides  with  blood,  that  portion  of  the 
aortal  wall  which  was  reflected  around  the  gut  apparently  disap- 
pearing or  else  forming  a  part  of  the  external  limiting  membrane 
(Fig.  26).  Just  behind  the  brain  (Fig.  27)  the  aorta,  while  still 
-encircling  the  oesophagus,  stretches  downwards  till  its  ventral 
wall  comes  in  contact  with  the  dorsal  surface  of  the  sub-ceso- 
phageal  ganglion.  Beyond  this  point  I  have  been  unable  to 
follow  the  vessel  definitely,  but  from  a  study  of  a  number  of 
specimens  I  am  inclined  to  think  that  it  breaks  up  into  a  large 
•number  of  small  vessels,  so  short  as  hardly  to  deserve  the  name, 
which  open  directly  into  the  body  cavity. 

The  heart  is  held  in  place  by  five  pairs  of  alary  muscles,  placed 
between  the  second  and  third  thoracic,  third  thoracic  and  first 
abdominal,  first  and. second,  second  and  third,  and  third  and 
fourth  abdominal  segments. 

These  muscles  pass  laterally  to  the  dorsal  wall  on  each  side, 
where  they  attach  themselves  to  the  hypodermis  between  the 
dorsal  and  dorso-lateral  bands  of  longitudinal  muscles  of  the 
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body  wall.  They  are  triangular  in  outline,  broadening  as  they 
approach  the  heart,  near  which  they  form  two  layers,  one  passing 
to  the  dorsal  surface  and  the  other  to  the  ventral  surface  and 
ramifying  there  (Fig.  19). 

In  the  space  thus  left  between  these  two  layers  the  heart  wall 
is  bent  inward,  and  in  the  hollow  thus  formed  is  a  small  ostium 
opening  into  the  cavity  of  the  heart.  The  ostia  appear  to  be  in 
direct  communication  with  the  body  cavity,  as  is  the  anterior  end 
of  the  aorta,  and  the  greatest  portion  of  the  circulation  seems  to 
be  accomplished  in  the  spaces  between  the  fat  body  and  the  body 
wall.  Valves  were  not  observed  in  the  ostia  of  the  heart,  but  are 
probably  present. 

The  walls  of  the  heart  have  an  outer  muscular  coating,  and  in 
some  cases  indications  of  a  lining  endothelium  were  observed. 

Blood  corpuscles  occur  in  all  parts  of  the  circulatory  vessels 
and  in  the  body  cavity.  They  are  circular  in  outline  and  have  a 
prominent  nucleus.     Their  number  appears  to  be  very  great. 

Where  the  blood  is  aerated  is  uncertain,  as  there  is  no  tracheal 
system  present,  but  this  question  will  be  considered  later. 

Nbbvous  System. 

The  nervous  system  consists  of  a  supra-OBSophageal  ganglion 
or  brain,  joined  by  a  double  commissure  enclosing  the  CBSophagus 
to  a  sub-odsophageal  ganglion,  following  which  and  joined  to  it 
and  to  each  other  by  double  commissures  are  three  ganglia^ 
situated  in  the  prothorax,  mesothorax  and  metathorax  respec- 
tively. 

Nicolet  ('47)  states  that  in  the  Collembola  there  are  three 
ventral  ganglia,  two  thoracic,  and  one  abdominal  one  related  to 
the  reproductive  functions ;  but  he  is  clearly  in  error.  Sommer 
('85),  speaking  of  Tomocerus,  says  that  it  has  a  brain,  a  sub-oeso- 
phageal  ganglion,  and  four  ventral  nerve  knots,  three  thoracic 
and  one  abdominal.  Lubbock  ('73)  says :  "  The  nervous  system 
of  Tomocerus  consists  of  five  ganglia,  two  of  which,  the  supra- 
and  infra- oesophageal,  lie  in  the  head.  .  .  .  The  linear  species 
have  generally  two  ganglia  in  the  thorax  and  one  in  the  abdo- 
men." If  these  observations  can  be  given  any  value  it  indicates 
that  the  number  of  ganglia  varies  in  different  species  and  that 
no  general  statement  for  the  group  can  be  made. 
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The  brain  of  Annrida  is  rather  oval  in  outline  when  viewed 
from  above,  its  long  axis  transverse  to  the  body  of  the  animal. 
It  rests  closely  upon  the  fore-gut,  over  the  sides  of  which  it  is 
continued  down  and  more  than  half  surrounds  (Figs.  35,  36). 
A  stout  process  leads  forward  on  each  side  from  the  lower  part 
of  the  anterior  face,  which  becomes  prolonged  as  the  antennal 
nerve  (Fig.  37).  Farther  back  the  dorso-lateral  portion  of  each 
side  becomes  partially  constricted  off,  forming  the  optic  lobe, 
sending  out  a  stout  optic  nerve,  which  almost  immediately 
divides  into  five  branches  passing  to  the  five  ocelli  of  that  side* 
These  branches  are  termed  the  ocellar  nerves  (Fig.  35).  In  this 
same  vertical  plane  also  the  ventral  prolongations  of  the  brain 
around  the  oesophagus  form  a  trunk  on  each  side,  which  passes 
downward  and  joins  the  sub-CBSophageal  ganglion,  thus  forming 
the  circum-oesophageal  commissure  (Fig.  3).  Posterior  to  this 
plane  the  brain  abruptly  terminates. 

The  Bub-oesophageal  ganglion  is  rather  long  and  narrow,  and 
is  roughly  cylindrical  in  form.  From  its  anterior  end  a  pair  of 
stout  nerves  pass  forward  to  the  buccal  cavity  (Fig.  3,  h  n).  A 
little  behind  this,  on  each  side,  it  gives  off  from  its  dorsal  angle 
a  large  nerve  which  passes  back,  branching  as  it  goes,  to  the 
posterior  extremity  of  the  buccal  pouch  of  that  side.  This  nerve 
contains  a  large  number  of  nuclei  in  a  row  along  its  axis.  Just 
below  this  a  smaller  nerve  is  also  given  off  from  the  ganglion. 
At  its  posterior  end  the  ganglion  is  continued  into  two  large 
lateral  commissures  and  a  small  median  one,  all  three  leading 
directly  backward  to  the  prothoracic  ganglion,  the  two  lateral 
commissures  each  sending  off  a  small  trunk  about  half  way 
between  the  two  ganglia. 

The  prothoracic  ganglion  is  shorter  than  the  last ;  from  near 
its  middle  it  gives  off  a  large  trunk  to  the  outside  of  the  protho- 
racic leg  on  each  side,  and  just  posterior  and  ventral  to  this, 
another  branch,  to  the  inside  of  the  leg. 

Between  this  and  the  mesothoracic  ganglion  there  is  only  the 
lateral  pair  of  commissures,  each  commissure  giving  off  a  single 
branch. 

The  mesothoracic  ganglion  is  like  the  prothoracic  ganglion  in 
form.  It  gives  off  from  near  its  middle  a  single  nerve  trunk  on 
each  side,  and  it  is  joined  to  the  metathoracic  ganglion  by  a  pair 
of  commissures. 
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The  metathoracic  ganglion  (Figs.  89,  40)  appears  to  result 
from  the  fusion  of  two.  About  one-third  of  its  length  from  its 
anterior  end  it  gives  off  a  pair  of  large  nerves  which  almost 
immediately  branch.  Near  its  posterior  end  it  gives  off  a  pair 
of  small  nerves,  and  at  its  posterior  end  it  gives  off  two  large 
trunks  which  pass  backward  along  the  ventral  side  of  the  abdo- 
men (Figs.  84,  46,  V.  w.)  to  the  fifth  segment.  Here  they  break 
up,  the  largest  branches  passing  to  the  genital  glands  close  to 
where  these  enter  the  genital  ducts.  Between  the  metathoracic 
ganglion  and  the  fifth  segment  they  give  off  a  number  of  branches 
to  the  different  regions  of  the  abdomen. 

In  the  feet,  especially  in  the  two  most  distal  joints,  the  nerve 
fibers  enter  small  ganglia,  each  consisting  of  two  or  three 
cells  (Fig.  88).  In  these  cells  are  very  large  nuclei  which  stain 
deeply. 

The  histology  of  the  nervous  system  offers  little  of  interest 
The  brain  and  other  ganglia  have  an  external  layer  of  small 
ganglion  cells  the  walls  of  which  are  unstained  by  bsematoxylin^ 
while  the  nuclei  stain  deeply  (Figs.  85-89).  These  cells  seem 
to  be  aggregated  into  lobes  in  a  slight  degree.  Besides  the 
ganglion  cells  there  is  a  central  portion  which  does  not  stain, 
and  shows  traces  of  nerve  fibrils  passing  in  various  directions. 
Over  the  surface  of  the  brain  and  ventral  ganglia  is  a  tough 
dense  layer  of  connective  tissue. 

In  the  ventral  ganglia  the  unstained  fibrillar  mass  is  in  two 
bundles,  surrounded  by  ganglion  cells  (Fig.  89),  and  these 
bundles  appear  to  be  directly  continuous  with  the  commissures 
between  the  ganglia. 

Near  where  each  nerve  trunk  leaves  the  central  nervous  system, 
a  large  nucleus  with  several  nucleoli  (Figs.  37,  89)  is  observed. 
These  may  lie  just  where  the  nerve  enters  the  ganglion  (Fig.  37), 
or  in  the  nerve  itself  (Fig.  39),  and  in  the  latter  case  they  may 
be  near  the  ganglion  or  at  some  distance  from  it. 

That  these  large  ganglion  cells — ^for  such  they  must  be — are  in 
some  way  related  to  the  functions  of  these  nerves  seems  evident, 
but  their  size  as  compared  with  that  of  the  ganglion  cells  of  the 
ganglia  is  so  great  that  I  am  at  a  loss  for  a  definite  explanation, 
and  I  can  find  no  description  of  any  such  nerve  cells  having 
been  observed  in  any  Arthropod. 
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'    The  two  abdominal  trunks  appear  to  contain  no  ganglion  cells 
anywhere  in  their  course. 

Sense  Obgaitb. 

Those  organs  are  quite  well  developed  and  are  of  great  interest, 
ias  they  have  been  but  little  studied,  and  the  functions  of  some 
are  wholly  unknown. 

Tactile  Organs. — Long  bristles  plentifully  distributed  at  inter- 
vals over  the  entire  surface  of  the  body  have  every  indication  of 
being  tactile  organs.  They  are  especially  abundant  around  the 
mouth  and  on  the  antennse,  where  they  form  a  dense  dump  at 
the  tip  (Fig.  46).  A  fortunate  longitudinal  section  of  an  antenna 
{Fig.  47)  shows  at  the  base  of  a  bristle  a  small  bit  of  nervous 
tissue  from  which  one  nerve  fiber  passes  up  into  the  bristle,  while 
another  passes  out  to  join  the  antennal  nerve.  Some  of  these 
Inristles  may  perhaps  have  other  than  tactile  functions. 

A  problematical  organ,  first  discovered  by  Kingsley  ('84)  in 
Campodea,  is  present  here,  but  in  a  more  complicated  form.  As 
described  for  Oampodea  it  is  a  small  bilobed  organ  near  the  tip 
of  the  antenna.  No  description  of  its  histology  was  given  and 
its  function  is  unknown* 

In  Anurida  it  occurs  on  the  upper,  inner  side  of  the  antenna, 
©ear  the  tip  of  the  terminal  joint  (Figs.  46,  48).  It  is  trilobed 
and  its  base  rests  in  a  slight  depression  of  the  cuticula.  In 
section  (Fig.  47)  we  see  that  the  lobes  are  only  separated  in  their 
outer  halves,  uniting  in  the  half  nearest  the  point  of  attachment. 
The  cuticula  covering  the  organ  is  smooth  and  follows  the  surface 
of  the  hypodermis  which  lies  immediately  beneath.  A  good 
sized  nerve  leads  to  the  organ  (Fig.  47). 

Its  function  can  at  present  be  only  surmised,  but  the  three 
lobes  are  so  placed  relative  to  each  ot^er  that  they  might  easily 
give  the  animal  some  idea  of  the  form  of  any  object,  correspond- 
ing as  they  do  to  the  three  dimensions  of  space.  Some  species 
■of  CJollembola  are  wholly  blind,  while  others  have  only  such 
fiimple  eyes  that  their  vision  must  be  at  best  extremely  poor ;  and 
from  these  considerations  and  from  the  location  of  the  organs  in 
question  I  am  inclined  to  regard  them  as  organs  of  form  supple- 
menting the  eyes  and  tactile  bristles. 

Eyes. — Compound  eyes  do  not  occur  in  any  of  the  CoUembola, 
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and  ^^  the  nnmber  and  arrangement  of  the  ocelli  afford  good 
specific  and  generic  characters." 

Templetonia  has  one,  Orchesella  six,  Tomocerus  seven  and 
Smynthurns  eight  ocelli  on  each  side.  They  are  nsnally  placed 
in  a  mass  of  pigment,  denser  than  elsewhere. 

In  Anurida  there  are  five  ocelli  on  each  side  (Fig.  41).  Viewed 
from  the  surface  they  appear  as  small  round  or  slightly  oval 
convex  bodies,  the  cuticnla  of  which  is  smooth.  Vertical  sections 
(Fig.  42)  show  that  each  consists  of  a  nearly  spherical  mass  of 
protoplasm  lying  beneath  the  corneal  cuticnla,  and  containing 
fonr  nuclei  which  show  several  plainly  marked  chromatin 
granules.  Immediately  beneath  the  protoplasm  is  a  dense  mass 
of  pigment,  which  between  the  ocelli  completely  fills  the  hypo* 
dermic  cells.  What  relation  such  an  eye  as  this  has  to  an 
ommatideum  is  uncertain,  but  its  structure  might  be  explained 
by  assuming  the  fusion  of  four  cells  of  the  hypodermis,  their  cell 
walls  becoming  lost  and  the  outer  surface  becoming  convex, 
while  the  pigment  passes  to  a  deeper  layer  and  a  smooth  corneal 
cuticula  is  formed. 

Postrantennal  Organ. — This  curious  structure  (Fig.  41,  p,  a,  o.) 
was  discovered  by  Labpulbene,  who  proposed  to  call  it  the  "organ 
prostemmatique  ou  ante^oculaire."  TuUberg  ('71),  however, 
objected  to  this  name,  as  a  corresponding  structure  is  present  in 
some  species  which  have  no  ocelli,  and  he  therefore  suggested 
the  term  "  post-antennal,"  which  has  been  generally  adopted. 

Laboulb6ne  describes  this  organ  as  follows :  "  Cet  organ  est 
form6  par  des  espaces  color6s  tels  que  les  repr6sente  la  figure  7; 
leur  couleur  est  tr&s-noire.  Le  nombre  des  cercles  rapprochfis 
varie  de  7  &  8,  le  plus  ordinairement  il  y  en  a  7,  mais  je  dois  noter 
que  j'en  ai  trouv6  parfois  8  d'un  c6t6  et  7  de  I'autre.  Sur  les 
jeunes  individus,  la  disposition  est  tr^s  curieuse,  la  figure  9  en 
donne  une  idee:  il  existe  alors  22  ^  24  espaces  comprimes  et 
serr^s  les  uus  centre  les  autres  avec  une  espace  central  libre :  le 
tout  rappelle  la  form  du  fruit  chez  les  plantes  malvacees  indi- 
genes entre  autres  les  Malva  et  les  Althaea,  Quelque  soin  que 
j'aie  mis  H  chercher  si  du  point  central  il  naissait  un  poil  allonge 
ou  toute  autre  production  dermique,  je  dois  dire  que  je  n'en  ai 
point  trouve." 

In  the  examples  I  have  examined  the  organ  consists  of  an 
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irregular  circle  of  oval  bodies  with  an  external  cuticular  cover- 
ing, and  an  internal  portion  liUed  with  black  pigment  and  con- 
nected with  the  hypodermis  beneath.  The  number  of  oval 
bodies  varies  from  seven  to  nine,  and  like  Laboulb^ne  I  have 
observed  a  few  specimens  with  seven  on  one  side  and  eight  on 
the  other.     Tbe  usual  number,  however,  is  seven. 

These  organs  occupy  a  slight  depression  on  each  side  of  the 
head  between  the  antenna  and  ocelli.  Near  the  organ  the  eleva- 
tions of  the  cuticula  cease,  and  over  the  surface  of  the  organ  itself 
it  lies  smoothly  (Fig.  48). 

Focusing  more  deeply  than  is  represented  in  Figs.  41  and  44, 
a  faint  circle  appears  at  the  inner  end  of  each  oval  body.  Vertical 
sections  (Fig.  43)  show  this  circle  to  be  the  outline  of  a  pedicle 
or  stalk  on  which  each  body  is  mounted,  and  through  the  center 
of  which,  connection  between  the  pigmented  protoplasm  occu- 
pying the  centers  of  these  bodies  (removed  in  Fig.  43)  and  the 
protoplasm  of  the  hypodermis,  is  maintained. 

The  function  of  this  organ  is  unknown.  I  have  endeavored 
to  find  some  nerve  connection  with  the  brain,  but  on  account  of 
the  amount  of  pigment  surrounding  it  1  have  been  unsuccessful. 
In  one  instance  I  thought  I  discovered  a  nerve  leading  from  the 
brain  just  anterior  to  the  optic  lobe,  to  it ;  but  while  such  a  nerve 
from  the  brain  certainly  passes  in  that  direction,  it  enters  the 
pigment  mass  a  little  to  one  side,  and  beyond  that  point  I  have 
failed  to  follow  it. 

One  is  naturally  inclined  to  consider  it  as  in  some  way  possess- 
ing a  visual  power,  but  there  is  no  evidence  supporting  this  view, 
and  the  structure  does  not  materially  aid  in  a  decision.* 

Abdomikal  Yesiole. 

The  abdominal  vesicle  or  ventral  tube  of  the  Collembola  is  an 
organ  of  great  interest.  Its  form  and  relations  differ  greatly  in 
different  species,  and  a  description  of  its  comparative  structure 
in  different  forms,  and  a  discussion  as  to  its  functions,  is  reserved 
for  later  consideration. 

In  Anurida  maritima  it  is  a  large  protuberance  on  the  ventral 
side  of  the  first  abdominal  segment.  It  is  divided  into  halves 
by  a  median  longitudinal  cleft,  so  that  it  may  be  considered 
either  a  bilobed  structure  or  as  formed  by  the  pressing  together 
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of  two  separate  protnberaBceB.  Cross  sections  of  the  animal  in 
this  segment  show  that  the  cnticula  follows  all  the  folds  of  the 
surface  (Fig.  34.  The  section  knife  has  here  separated  the 
cnticula  and  hypodennis  somewhat).  Beneath  the  cnticula  on 
either  side  of  the  vesicle  the  hypodermis  shows  its  normal 
structure,  and  this  is  unchanged  on  the  lateral  sides  of  the  vesicld 
itself.  At  the  tip  of  each  lobe,  however,  its  character  changes, 
being  modified  to  form  a  layer  of  large  granular  gland  cells  with 
large  nucleolated  nuclei.  These  cells  lie  beneath  the  cnticula  of 
the  longitudinal  cleft,  in  which  the  usual  small  protuberances  of 
the  cnticula  are  absent.  Several  muscles  pass  from  the  body 
wall  into  these  lobes,  which  may  be  thus  retracted  in  some 
measure. 

Leading  forward  from  the  abdominal  vesicle  on  the  median 
line  is  a  peculiar  structure  somewhat  tubular  in  appearance^ 
shown  in  section  in  the  mesothorax  in  Fig.  83,  and  under  the 
head  in  Fig.  32.  This  tube  originates  at  the  base  of  the  median 
cleft  at  the  anterior  end  of  the  vesicle,  and  is  formed  by  a  pair 
of  outgrowing  ridges  of  the  hypodermis,  which  pass  outward 
from  the  surface  of  the  body,  then  towards  each  other,  then 
towards  the  body  again  till  they  touch  it,  thus  forming  a  pair  of 
tubes  with  a  groove  separating  them.  In  both  figures  the 
cnticula  and  hypodermis  have  been  torn  apart,  and  the  former 
has  preserved  most  nearly  the  uninjured  structure  of  the  tubes. 

Farther  forward  the  two  outgrowths,  instead  of  returning  to 
the  body,  fuse  together,  and  in  this  way  form  a  single  tube 
(Fis-  82). 

In  the  postero-lateral  and  dorsal  regions  of  the  head  is  a  mass 
of  cells  which  I  at  first  supposed  to  be  the  salivary  glands 
(Fig.  29).  Their  histological  appearance  is  that  of  the  salivary 
glands,  and  on  each  side  of  the  head  a  convoluted  duct  (Fig.  30) 
leads  downward,  then  forward  to  the  buccal  cavity.  Here  it  is 
joined  by  the  duct  from  the  other  side  of  the  head,  and  the 
median  duct  thus  formed  passes  forward  to  the  posterior  end  of 
the  median  cleft  of  the  mouth,  gaining  a  chitinous  lining.  Here, 
to  my  surprise,  I  found  that  instead  of  bending  upward  to  enter 
the  buccal  cavity,  it  bent  downward,  passing  through  the  ventral 
cleft  of  the  mouth  (Fig.  31),  and  communicated  directly  with  the 
tube  leading  forward  from  the  abdominal  vesicle. 
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I  long  doubted  whether  I  was  not  mistaken  in  mj  ohserva' 
tions,  but  a  careful  studj  with  high  powers  of  about  twenty-five 
specimens  only  confirmed  my  previous  work,  and  I  am  therefore 
compelled  to  think  that  though  occupying  the  position  of  salivary 
glands,  and  with  dncts  taking  the  usual  course  of  salivary  ducts, 
these  glands  must  have  some  other  function.  It  is  possible  that 
they  may  have  a  connection  with  the  buccal  cavity  also,  by  some 
branch  from  the  main  duct,  but  I  have  failed  to  find  any  such 
arrangement. 

The  histology  of  the  gland  and  of  the  ducts  is  like  that  of  the 
salivary  glands  and  ducts  of  the  higher  insects.  The  cells  of  the 
gland  (Fig.  29)  are  granular,  with  prominent  nuclei ;  those  of  the 
duct  are  cubical,  with  indistinct  boundaries  (Fig.  30)  and  with 
smaller  nuclei. 

Ybnteal  Sfbing. 

In  young  examples  of  this  species  Ryder  ('86)  describes  a 
rudimentary  pair  of  processes  on  the  ventral  surface  pointing 
forward  from  the  anterior  edge  of  the  fourth  abdominal  segment. 
This  structure  he  regards  as  a  rudimentary  spring,  and  says  that 
no  trace  of  it  occurs  in  the  adult.  In  the  same  place  I  found  in 
sections  two  nearly  spherical  masses  of  cells,  slightly  resembling 
gland  cells  in  a  stage  of  degeneration,  separated  from  the  hypo- 
dermis  by  the  fat  body,  which  here  lines  the  body  wall  (Fig.  45). 

What  these  masses  represent  I  do  not  know,  unless  they  are 
the  rudiments  of  the  structure  described  by  Eyder  in  a  stage  of 
degeneration,  remaining  after  all  external  trace  of  the  structure 
is  lost.  If  it  is  indeed  the  rudiment  of  a  spring,  it  is  of  much 
interest  as  indicating  that  the  diflTerences  between  the  springless 
Collembola  and  those  which  possess  a  developed  spring  are  due 
to  the  degeneration  of  the  former  group. 

GENriAL  Organs. 

The  genital  organs  lie  ventro-lateral  to  the  abdominal  portion 
of  the  digestive  tract,  but  may  reach  forward  into  the  meso- 
thorax.  Both  the  male  and  the  female  organs  consist  of  a  pair 
of  simple  tubes  of  varying  diameter,  containing  the  reproductive 
elements.  At  their  anterior  ends  these  tubes  are  attached  by  a 
cord  of  connective  tissue  which  passes  forward  and  joins  the 
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ventral  body  wall.  Posteriorly  each  tube  opens  into  a  dnct, 
which  soon  unites  with  that  of  the  other  side,  forming  a  single 
median  duct  leading  to  the  exterior.  In  the  female  a  ventral 
diverticulum  from  this  portion  of  the  duct  is  also  present.  The 
genital  opening  is  situated  at  the  tip  of  a  small  papilla  on  the 
hinder  edge  of  the  fifth  abdominal  segment  on  the  median  line 
of  the  ventral  surface  of  the  body. 

FSMALB  OeNTTAL  ObGANS. 

The  two  ovarian  tubes  lie  generally  ventro-lateral  to  the  gut, 
but  when  distended  with  eggs  may  be  pressed  dorsally  till  por- 
tions may  become  dorsal  to  it.  Externally  they  are  covered  by 
a  sheet  of  dense  connective  tissue,  within  which  lie  cells  of  various 
sizes,  containing  very  large  nuclei  and  a  large  number  of  yolk 
spheres. 

The  anterior  end  of  the  ovary  (Fig.  56)  is  drawn  out  into  a 
narrow  tube,  which  is  filled  with  granular  protoplasm  and  small 
oval  nuclei  containing  several  distinct  nucleoli.  Passing  down 
the  tube  the  nuclei  become  more  spherical  and  pass  to  one  side, 
along  the  wall  of  which  they  form  a  sort  of  germinal  ridge.  The 
nuclei  increase  rapidly  in  size  and  gather  the  protoplasm  about 
them,  forming  cells  (Fig.  67).  These  cells  are  pushed  out  from 
the  germinal  ridge  by  cells  forming  in  a  similar  way  behind 
them,  and  these  are  in  their  turn  pushed  out  by  others,  and  in 
this  way  cell  rows  are  formed,  which  coil  about  the  walls  of  the 
ovary  and  across  it  (Fig.  65), 

Soon  a  sort  of  degradation  occurs,  many  of  the  cells  of  each 
row  becoming  completely  destroyed.  In  this  change  the  nuclear 
chromatin  leads  the  way,  forming  irregular  scattered  granules, 
and  this  change  continues  till  of  an  entire  row  of  cells  but  one 
or  two  remain  intact.  Whether  but  one  cell  of  each  row 
becomes  an  ovum,  or  more  than  one,  I  do  not  know. 

The  broken-down  matter  assumes  the  form  of  globules  of 
different  sizes,  at  first  small,  but  rapidly  enlarging,  and  gradually 
becomes  the  yolk,  which  is  very  abundant  in  each  ovum. 

As  the  ova  pass  backward  along  tlie  ovarian  tubes  they  in 
some  way  acquire  an  inclosing  membrane,  but  how  and  just  where 
I  cannot  say.  Even  near  the  opening  of  the  oviduct  each  ovum 
has  several  cells  of  the  row  from  which  it  was  formed  still  intact, 
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and  the  final  breaking  down  of  these  cells  must  occur  very  late 
in  the  maturation  of  the  ovum. 

Passing  from  the  ovary  is  a  narrow  oviduct  (Fig.  53)  consisting 
of  granular  cuboidal  epithelial  cells,  resting  on  a  delicate  tunica 
propria  and  containing  small  spherical  nuclei. 

The  oviducts  of  the  two  sides  soon  unite  and  the  two  together 
form  the  vagina,  which  has  a  wall  of  large  columnar  cells,  broader 
on  their  attached  edges  than  at  the  lumen.  The  nuclei  of  these 
cells  are  large,  round,  and  contain  prominent  nucleoli.  The 
cells  rest  upon  a  tunica  propria  continuous  with  that  of  the 
oviducts,  and  bear  on  their  faces  which  form  the  lumen,  a 
chitinous  cuticle  (Fig.  54). 

From  the  ventral  side  of  the  vagina  a  small  diverticulum 
passes  forward  (Figs.  63,  54)  which  may  possibly  be  a  recepta- 
culum  seminis,  and  which  is  slightly  bilobed  at  its  anterior  end. 

The  cells  of  this  diverticulum  are  quite  granular  and  the  cell 
walls  are  less  distinct  than  those  of  the  vagina,  and  fewer  nuclei 
are  present.  Externally  the  cells  rest  upon  the  tunica  propria, 
and  internally  they  are  lined  by  a  continuation  of  the  cuticle  of 
the  vagina,  which  here  bears  relatively  long  spines  projecting 
into  the  lumen  of  the  diverticulum. 

No  circular  muscles  are  present  around  these  ducts,  but  dilator 
muscles  (dilatores  vaginae)  are  present  leading  to  the  body  wall 
(Fig.  53). 

At  the  genital  opening  the  cuticle  of  the  ducts  becomes 
continuous  with  the  cuticula  of  the  external  surface  of  the  body. 


Male  Genpial  Organs. 

The  testes,  like  the  ovaries,  are  a  pair  of  long  tubes  extending 
backward  from  the  mesothorax.  They  differ  greatly  in  their 
histological  structure  at  different  stages  of  maturity.  The  imma- 
ture testis  is  shown  in  cross  section  in  Fig.  49.  It  is  surrounded 
by  a  dense  layer  of  connective  tissue,  and  consists  of  a  mass  of 
protoplasm  containing  granules  and  scattered  nuclei.  The 
granules  stain  like  chromatin  granules  and  form  groups  sur- 
rounded by  protoplasm  denser  here  than  elsewhere.  At  this  age 
the  whole  testis  has  the  same  structure.  Farther  development 
begins  at  the  posterior  end,  and  passing  forward  from  that  point, 
successively  earlier  stages  of  development  are  met  with. 
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If  we  examioe  a  mature  testis  we  find  at  the  aDterior  end  the 
condition  shown  in  Fig.  49.  Farther  back  the  structure  changes 
to  that  shown  in  Fig.  59,  the  groups  becoming  more  concen- 
trated and  septa  appearing.  A  little  behind  this  point  the 
granules  elongate,  and  from  them  pass  fine  fibers  or  threads 
which  form  bundles  lying  in  various  directions  (Fig.  50).  The 
nuclei  are  still  present,  scattered  through  the  substance  of  the 
testis,  and  at  one  point  a  structure  slightly  resembling  a  germinal 
ridge  occurs.  The  appearance  of  this  part  of  the  testis  is  also 
shown  in  longitudinsJ  section  in  Fig.  58,  near  the  line  AB. 

Behind  this  the  structure  soon  changes.  The  entire  substance 
begins  to  undergo  degeneration :  the  threads  become  lost,  the 
septa  disappear  and  we  get  a  condition  shown  in  Fig.  60  and 
along  the  line  CD  of  Fig.  58.  Soon  this  mass  becomes  more 
densely  granular:  fat  globules  now  appear  in  small  numbers 
(Fig.  61  and  along  the  line  EF^  Fig.  58),  and  soon  a  columnar 
epithelium  appears  to  be  formed  from  that  portion  nearest  the 
external  connective  tissue.  This  epithelium  (Fig.  62)  has  large 
nuclei  and  indistinct  cell  boundaries.  A  somewhat  similar 
appearance  of  that  portion  of  the  granular  mass  nearer  the 
center  of  the  tube  may  also  be  observed  (Fig.  58),  forming  a  zone 
separating  the  unchanged  mass  (along  the  line  EF^  Fig.  58)  from 
the  mass  of  fat  globules  and  fine  particles  which  follows.  The 
line  GS  of  Fig.  58  crosses  the  mass  of  fat  globules  and  also  a 
portion  of  the  separating  zone.  Passing  back,  the  fat  globules 
increase  in  number  and  nearly  fill  the  posterior  part  of  the  testis, 
while  among  them  are  multitudes  of  spermatozoa  with  elongated, 
deeply  staining  heads. 

In  brief,  the  process  of  spermatogenesis  is  as  follows :  The 
granular  groups  (Fig.  49)  become  greatly  developed  and  form 
distinct  groups  containing  elongated  granules  (Fig.  60).  This 
structure  is  soon  broken  down  and  a  quite  homogeneous  mass 
results,  containing  many  deeply  staining  granules  (Fig.  60).  The 
granules  soon  become  more  pronounced,  while  the  remainder 
of  the  substance  present  collects  around  the  scattered  nuclei, 
forming  epithelial  cells.  In  these  cells,  or  by  modifications  of 
them,  the  fat  globules  and  spermatozoa  are  formed  and  make 
their  way  into  the  lumen  of  the  testis. 

The  testis  opens  into  a  short  vas  deferens  consisting  of  low 
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cuboidal  epithelial  cells  reeting  on  a  tunica  propria.  The  vasa 
deferentia  60on  nnite  and  form  an  ejacalatory  dnct  (Figs.  51,  62, 
63)  lined  by  a  chitinous  cnticle  continnoxis  with  the  cuticnla  of 
the  outer  enrface  of  the  body.  In  some  Bpecimens  (Fig.  63)  this 
is  thrown  into  ridges  on  the  ventral  wall  of  the  duct,  but  in  other 
cases  (Fig.  51)  these  appeared  to  be  entirely  absent. 

Beneath  the  cuticle  are  large,  granular,  columnar  epithelial 
cells  with  distinctly  staining  nuclei.  At  the  external  opening  of 
the  ejaculatory  duct  these  cells  bend  each  way  and  are  continued 
along  the  surface,  retaining  their  columnar  character ;  for  some 
distance  before  assuming  the  normal  structure  of  the  hypodermic 
cells  (Figs.  51 ,  63)  thpse  cells  rest  upon  a  tnnica  propria  continuous 
with  that  of  the  vasa  deferentia.  No  circular  muscles  occur,  but 
dilator  muscles  (Fig.  63),  running  to  various  parts  of  the  body 
wall  and  serving  by  their  contraction  to  enlarge  the  ducts,  are 
met  with. 

MOLTINQ. 

The  process  of  molting  is  much  the  same  as  in  other  Arthro- 
pods. The  external  cuticnla,  the  cuticle  of  the  fore  gut,  hind- 
gut  and  of  the  genital  ducts,  is  shed  with  each  molt.  In  the  mid- 
gut, just  before  ecdysis,  a  peculiar  change  occurs.  The  nuclei  of 
the  epithelium  divide  and  one  of  the  two  that  are  thus  formed 
in  each  cell  passes  towards  the  free  face  of  the  cell,  while  the 
other  passes  towards  its  base.  The  cell  walls  now  become  indis- 
tinct and  delamination  occurs,  the  outer  half  of  each  cell  being 
thrown  off.  These  molted  cells  collect  in  the  lumen  of  the  gut 
and  remain  there  (Figs.  14,  15)  till  the  chitin  of  the  remainder 
of  the  body  is  thrown  off,  when  this  is  also  removed  from  the 
body.  The  outer  edges  of  the  cells  remaining  form  a  new 
"  Harchensaum  "  and  resume  their  normal  condition. 

Gbnebal  Considerations. 

Two  problems  in  connection  with  the  anatomy  of  the  CoUem- 
bola  require  further  consideration.  These  are:  1.  The  rela- 
tions of  the  fat  body  to  the  hypodermis,  and  an  examination  of 
the  method  of  formation  of  the  body  cavity.  2.  The  function  of 
the  abdominal  vesicle  and  of  the  glands  in  the  head  to  which  it 
is  joined  by  the  small  ventral  tube,  and  the  homologies  of  thes^ 
parts. 
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The  fat  body  of  the  higher  insects  is  regarded  as  of  meso- 
blastic  origin,  and  any  protoplasmic  relations  it  may  acquire 
with  the  hypodermis  must  therefore  be  of  a  secondary  nature. 
In  Tomoceras,  Sommer  describes  snch  a  relation,  and  from  this 
decides  that  the  structure  is  epiblastic,  and  not  homologous  with 
the  fat  body  of  other  insects. 

If  we  consider  the  method  of  formation  of  the  body  cavity  in 
Arthropods  as  described  by  Sedgwick  ('87)  for  Peripatus,  we 
find  that  in  the  solid  mesoblast  a  series  of  splits  appear,  enlarge, 
fuse  and  form  cavities  of  varying  form  and  size,  constituting  a 
body  cavity  of  the  type  termed  by  Lankester  a  haemoccdl. 

As  the  mesoblast  on  the  one  side  lies  closely  against  the  hypo- 
blastic  mesenteron,  and  on  the  other  against  the  epiblast  which 
is  to  form  the  hypodermis,  the  relations  of  the  fat  body  to  these 
may  be  explained  as  follows : 

The  layer  of  mesoblast  cells  next  to  the  splits  becomes  flat- 
tened to  form  a  pavement  epithelium  which  lines  the  body 
cavity.  Where  the  mesoblast  is  several  layers  of  cells  in  thick- 
ness, the  middle  layers  do  not  become  flattened  but  form  the 
mass  of  the  fat  body  of  the  adult.  Where  the  body  cavity  is  so 
large  that  but  a  single  layer  of  mesoblast  cells  remains  between 
it  and  the  hypodermis,  this  layer,  as  elsewhere,  becomes  endothe- 
lial and  forms  the  tunica  propria  upon  which  the  hypodermic 
cells  rest.  In  connection  with  the  gut  it  forms  the  external  lim- 
iting membrane,  which  is  lacking  where  the  unmodified  cells  of 
the  fat  body  and  of  the  gut  meet.  At  these  places,  however, 
there  seems  to  be  a  sort  of  membrane  between  the  muscles  of  the 
gut  (which  are  themselves  of  mesoblastic  origin)  and  the  fat 
body.  This  membrane  may  perhaps  be  derived  from  a  flat- 
tening of  the  layer  of  cells  of  the  fat  body  which  is  nearest  to  the 
muscle  layer,  and  would  correspond  to  the  limiting  membrane 
of  the  hsemocodl,  and  it  is  possible  that  a  membrane  similarly 
formed  between  the  hypoidermis  and  the  fat  body  marks  the  dis- 
tinction between  the  two,  seen  in  the  higher  insects.  Strings  of 
mesoblast  cells  passing  through  the  body  cavity  or  along  its  walls 
become  converted  into  muscle  fibers.  The  fat  body  is  so  uni- 
versally present  in  insects,  Myriapods  and  in  Peripatus,  that  it 
must  be  looked  upon  as  a  very  primitive  structure,  and,  as 
iltlready  stated,  appears  to  be  mesoblastic  in  origin. 
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I  have  failed  to  observe  any  protoplasmic  connection  between 
the  fat  body  and  the  hypodermic  cells  in  Annrida,  but  if  Som- 
mer's  observations  on  Tomocerus  are  correct,  then,  notwith- 
standing the  facts  jnst  mentioned,  we  must  either  regard  this 
structure,  corresponding  in  position  to  the  fat  body,  and  which, 
except  in  its  relations  to  the  hypodermis,  might  be  regarded 
without  difficulty  as  mesoblastic,  as  in  no  way  homologous  with 
the  fat  body,  or  assume  that  the  external  cells  have  secondarily 
acquired  a  connection  with  the  hypodermis.  Sommer  declares  in 
favor  of  the  first  of  these  views  and  decides  that  this  structure  is 
not  homologous  with  the  fat  body.  My  own  inclination  is  to 
accept  the  other  view  and  question  the  actual  existence  of  proto* 
plasmic  .connection  between  the  cells  of  the  fat  body  and  of  the 
hypodermis. 

The  abdominal  vesicle  has  been  differently  interpreted  by  dif- 
ferent writers.  By  Latreille  and  Eolenati  it  was  regarded  as  a 
genital  organ :  Bourlet  considered  it  as  adhesive ;  an  aid  in  eas^ 
ing  the  shock  of  alighting  after  a  jump,  and  as  serving  to  hold 
and  to  moisten  the  spring.  Nicolet,  Lubbock  and  Tullberg  con- 
sider it  an  adhesive  organ.  Renter  says  that  water  is  gathered 
to  the  mouth  from  the  surface  of  the  body  by  the  tarsal  claws, 
from  which  it  is  placed  by  the  "  Haftlappen  "  in  the  interior  of 
the  tube.  Sommer  believes  it  to  be  adhesive  and  suggests  that 
it  may  possibly  have  a  function  similar  to  that  of  the  oil  glands 
in  birds. 

It  differs  in  structure  in  different  genera.  In  Podnra,  Lipura 
and  Anurida  it  is  a  simple  cleft  tubercle.  In  Tomocerus  it  \% 
enlarged,  forming  a  tube,  bilobed  at  the  tip.  In  Smynthurus  it 
has  a  similar  structure,  but  ^^  from  the  end  of  the  tube  the  animal 
can  project  two  long  delicate  tubes  provided  at  their  extremity 
with  numerous  glands."  No  one  seems  to  have  observed  the 
connection  of  the  little  tube  leading  forward,  with  the  vesicle 
and  with  the  glands  in  the  head. 

Meinert,  describing  this  little  tube,  writes  as  follows :  "  As 
yet  no  spiracles  have  been  observed  in  Podurse ;  but,  according 
to  my  observations,  their  organs  of  respiration  consist  merely  of 
an  open  canal  along  the  underside  of  the  head  and  the  thorax,  and 
it  is  in  the  fore  end  of  this  canal,  under  the  head,  that  the  tra* 
cheal  system  opens,  whenever  it  exists,  as  in  some  of  the  larger 
Smynthuri." 
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This  view  seems  to  be  unsatisfactory,  as  opportunities  for  the 
purification  of  the  blood  are  in  no  way  bettered  by  the  form  or 
position  of  tlie  tube,  while  its  connection  with  the  glands  of  the 
head  seems  to  indicate  that  its  function  must  be  other  than  res- 
piratory. 

As  r^ards  the  vesicle,  the  observations  of  Lubbock  on 
Smynthurus  would  appear  to  be  quite  conclusive.  He  says: 
"  If  a  Smynthurus  is  laid  on  its  back — a  position  from  which  it 
has  some  difScnlty  in  recovering  its  feet — and  if  while  in  this 
attitude  a  piece  of  glass  is  brought  within  its  reach,  tlie  animal 
will  endeavor  to  seize  it  with  the  feet,  but  at  the  same  time  it 
will  project  one  or  both  of  the  ventral  tentacles  and  apply  it,  or 
them,  firmly  to  the  glass,  emitting  at  the  same  time  a  drop  of 
fluid,  which,  no  doubt,  gives  a  better  hold." 

The  comparative  studies  of  Haase  ('89)  on  the  ventral  sacs  of 
Scolopendrella,  Diplopoda,  Thysanura  and  the  abdominal 
vesicle  of  Gollembola,  lead  him  to  consider  these  all  as  homolo- 
gous structures.  His  views  as  to  the  structure  and  functions  of 
the  abdominal  vesicle  I  give  in  his  own  words,  taken  from  his 
summary. 

"  7.  Der  Ventraltubus  der  Gollembola  am  ersten  Abdominal- 
segment  besitzt  ebenfalls  entwickelte  Kiickziehmuskeln,  einen 
durchgehenden  bindegewebigen  Strang,  im  Innem  einzelne  mit 
deutlichen  Poren  ausmtindende,  ein  Sekret  aussondemde  Driis- 
enzellen  und  tritt  durch  einstromen  von  Blut  hervor. 

"  8.  Nach  Beobachtungen  an  lebenden  Stticken  von  Machilis 
und  Poduren  treten  die  Abdominalsftcke  nur  bei  vollkommener 
Buhe  des  Thieres  und  in  feuchtwarmer  Luft  hervor,  bei  Poduren 
liess  sich  unter  dem  Mikroskop  eine  bedeutende  und  schnelle 
Dnrchstromung  des  ausgestreckten  Ventraltubus  durch  Blutfllis- 
sigkeit  in  der  Richtung  nach  dem  Vorderrande  des  Korpers  zn, 
verfolgen. 

"  9.  Beobachtungen  liber  das  Kriechen  der  Poduren  an  Glas- 
wanden  zeigen  dass  der  Ventraltubus  dabei  oft  unthatig  ist  wie 
die  Abdominalsfickchen  in  gleichem  Falle  stets  bei  Machilis. 

^•'  10.  Die  Beziehung  der  Ausbildung  des  Tracheensystems  zn 
der  der  Ventralsackchen  ergeben  ebenfalls,  dass  letztere  eine 
respiratorische  Funktion  haben  und  als  Blutkiemen  anzusehen 
sind ;  die  Luftrohren  fehlen  bei  den  meisten  Poduriden,  sind 
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verkiimmert  und  ofiiieii  eich  durch  ein  Stigtnenpaar  bei  Smyn- 
thnms  und  Scolopendrella,  durch  drei  bei  Campodea ;  das 
Tracheensystem  ist  in  Riickbildung  begriffen  bei  Lysiopetalum, 
Polyzonium  und  ausserdem  erst  wenig  entwickelt  bei  Machilis ; 
mit  der  Ausbildung  der  gemeinsamen  Langsstamme  erfolgt  die 
Kuckbildung  der  Ventrals&ckchen."  Elsewhere  he  states  that 
a  slight  glandular  function  for  the  purpose  of  adhesion,- as 
described  by  Lubbock,  has  probably  been  recently  acquired. 

This  explanation  certainly  has  much  in  its  favor,  but  leaves 
unexplained  the  function  of  the  little  tube  and  the  glands  in  the 
head  connecting  with  it.  It  may  be  that  the  relation  of  these 
parts  in  Anurida  is  a  secondary  one:  indeed,  it  is  evident  that 
the  glands  in  the  head  are  homologous  with  salivary  glands  and 
their  unusual  relations  are  as  yet  unexplained.  Hence  we  must 
consider  this  problem  as  at  best  but  partly  solved. 

Notes  on  Lepisma  sacohabina,  Linn. 

This  little  animal  is  a  pest  to  housekeepers,  "eating  cloths, 
tapestry,  silken  trimmings  of  furniture,  and  doing  occasional 
damage  to  libraries  by  devouring  the  paste  and  eating  holes  in 
the  leaves  and  covers  of  books."  It  is  from  6  mm.  to  9  mm.  long, 
of  a  silvery  white  color,  and  with  the  division  into  head,  thorax 
and  abdomen  distinctly  marked. 

The  head  is  rounded  and  bears  a  pair  of  filiform,  many- 
jointed  antennae,  rather  more  than  half  as  long  as  the  body. 
Posterior  to  the  bases  of  these  are  the  eyes — a  mass  of  twelve 
facets  on  each  side  of  the  head. 

The  mouth  is  distinctly  ventral  in  position  and  differs  from 
that  of  Anurida  in  having  well-developed  external  mouth-parts — 
labrum,  mandibles,  maxillse  and  labium — which  will  be  de- 
scribed later. 

The  thorax  is  convex  above,  flattened  beneath,  and  with  later- 
ally produced  terga.  It  has  three  pairs  of  well-developed  legs, 
the  tarsus  of  each  ending  in  a  pair  of  claws. 

The  abdomen  is  tapering,  cylindrical,  and  consists  of  ten  seg- 
ments, the  second  and  ninth  being  rather  short.  From  the 
terminal  segment  three  long,  many-jointed  stylets  (cerci)  are 
given  off. 

In  the  female  an  ovipositor  is  present  which  the  drawing  given 
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by  Grassi  ('87a)  (Fig.  64)  indicates  as  being  composed  of  a  pair  of 
processes  from  the  seventh  stemote  and  a  pair  from  the  eighth. 
The  fignre  also  shows  on  each  of  these  segments  and  that  which 
follows,  a  pair  of  lateral  processes — "  Pseudo-zampe."  Haase  ('89) 
differs  from  Grassi  as  to  these  appendages  which  he  terms  ^^  Ab- 
dominalgriffel."  He  says :  "  Bei  Lep.  sacharinum  kommen  nur 
an  den  zwei  vorletzten  Hinterleibsringen  Abdominalgriffel  vor, 
nnd  zwar  sind  dieselben  am  achten  Segment  0.6,  am  neuntem 
aber  0.8  mm.  lang."  Thns  he  finds  but  two  pairs  instead  of 
three.  He  says  that  in  a  Trieste  species  the  ovipositor  arises  as 
in  Machilis,  which  he  describes  thus:  "  Sie  [the  Gonapophyses] 
bestehen  bei  den  Weibchen  aus  vier,  die  Legescheide  bildenden 
Yentralanhangen  des  achten  und  neunten  Abdominalringes  und 
umgeben  die  am  Ende  des  achten  oder  eher,  wie  es  die  Begel 
scheint,  am  Anfang  des  neunten  Segments  ausmiindendo  Ge- 
schlechtsoffnung." 

The  surface  of  the  body  is  covered  by  scales  resembling  those 
of  the  wings  of  butterflies,  and  in  many  places  occur  groups  of 
bristle-like  hairs  which  probably  have  a  sensory  function. 

I  am  not  quite  certain  as  to  the  species  which  I  have  studied, 
as  while  it  agrees  fairly  well  with  the  descriptions  of  Lepisma 
saccharina  in  other  regards,  instead  of  its  scales  having  "from 
twenty  to  twenty-six"  ribs  (Beck;  Lubbock  '73),  they  have 
nearly  twice  that  number. 

The  specimens  were  treated  as  were  those  of  Anurida,  except 
that  no  ether  was  added  to  the  killing  fluids. 

Intbgument. 

The  integument,  as  in  Anurida,  consists  of  a  hypodermis  rest- 
ing upon  a  basement  membrane  and  covered  by  a  chitinous 
cuticula.  The  hypodermis  contains  no  pigment,  and  consists  of 
a  single  layer  of  cells  with  large,  closely  packed  nuclei  (Fig.  66) 
and  with  the  cell  boundaries  not  brought  out  by  the  stains  used. 
The  cuticula  is  not  covered  with  protuberances  as  in  Anurida, 
but  is  smooth  and  is  perforated  by  the  pedicels  of  the  scales. 
These  (Fig.  65)  vary  somewhat  in  form  and  size.  They  have 
parallel  longitudinal  ribs,  between  40  and  50  in  number,  and  a 
short  pedicel  which  penetrates  the  cuticula  nearly  to  the  hypo- 
dermis.   The  scales  are  attached  at  their  anterior  ends  and  their 
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free  edges  overlap  the  Bcales  next  posterior  to  them.  It  is  these 
Bcales  which  give  the  silvery  gloss  to  the  living  animal. 

The  hairs  which  are  present  on  some  portions  appear  to  have 
some  connection  with  the  hypodermis  (Fig.  78),  as  the  entire 
thickness  of  the  chitin  at  their  places  of  attachment  appears 
somewhat  modified. 

On  the  dorsal  surface  of  the  thorax  the  cuticnla  is  much  modi- 
fied at  the  sutures  between  the  segments  (Fig.  67),  and  at  these 
places  muscles  are  frequently  attached.  At  various  places  on 
the  body  the  integument  seems  to  have  been  folded  in  on  itself 
to  form  processes  for  the  attachment  for  muscles.  One  such  is 
very  noticeable  and  is  located  on  the  anterior  face  of  the  head, 
which  it  partially  crosses  in  a  horizontal  direction, 

MusouLAB  System. 

Owing  to  the  difference  in  the  mouth-parts  the  muscles  of  the 
head  are  more  developed  in  Lepisma  than  in  Anurida.  Other 
differences  in  distribution  also  occur,  but  I  have  not  examined 
them.  Histologically,  there  is  little  worthy  of  note,  except  that 
in  some  fibers  Krause's  membrane  is  remarkably  distinct,  and 
that  nuclei  which  lie  at  or  near  the  centers  of  the  fibrils  (Fig. 
68)  are  present  in  great  abundance.  There  is  a  greater  conden- 
sation of  the  fibrils  into  bundles  than  in  Anurida.  The  attach- 
ment of  the  muscles  to  the  cuticula  appears  to  be  the  same  as 
already  described  in  Anurida. 

Digestive  System. 

The  mouth  is  situated  on  the  ventral  side  of  the  head  and 
bounded  anteriorly  by  the  labrum,  which  is  a  broad,  flattened 
portion  of  the  ventral  integument  at  that  place.  Close  behind 
this,  at  the  sides  of  the  mouth-opening,  are  the  mandibles  (Fig. 
69).  These  are  stout  chitinous  jaws,  each  with  several  pointed 
teeth  and  a  fiat  grinding  surface,  at  the  base  of  which  is  a  cluster 
of  short  bristles.  Muscles  enter  the  mandibles  in  considerable 
numbers  and  pass  in  diflerent  directions.  The  maxillae  (Fig. 
70)  are  smaller,  and  consist  of  a  lacinia  bearing  two  pointed 
teeth  and  a  few  scattered  bristles,  a  rounded  galea,  and  a  palpus 
which  projects  at  right  angles  to  the  maxilla  and  which  consists 
of  five  quite  long,   cylindrical  segments,  covered  with  hairs. 
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The  labium  (Fig.  71),  which  forms  the  posterior  limit  of  the 
month,  consists  of  a  doubly  bifid  lip  and  a  pair  of  three-jointed 
palpi,  with  a  small  plate  overljing  the  basal  joint  and  which  is 
usually  regarded  as  a  fourth  segment,  but  which  is  considered  by 
Grassi,  whose  figure  I  reproduce  here,  as  not  forming  any  part 
of  the  palpus  proper.  The  terminal  segment  of  the  palpus  is 
the  largest,  is  flattened,  and  near  its  tip  bears  three  (Qrassi  '87a) 
or  five  (Oudemans  '87)  sense  organs. 

Surrounded  by  these  mouth-parts  is  the  oral  opening  which 
leads  into  the  pharynx.  This  passes  dorsally  and  somewhat  for- 
ward for  a  short  distance,  then  turning  posteriorly,  passes 
beneath  the  brain,  through  the  circum-cesophageal  commissure 
and  enters  the  thorax,  gradually  increasing  in  diameter  and 
changing  in  its  histological  structure.  This  portion,  which 
extends  to  about  the  end  of  the  fourth  abdominal  segment,  may, 
for  convenience,  be  termed  the  cBsophagus,  though  it  passes 
insensibly  into  the  pharynx  at  its  anterior  end. 

The  pharynx  (Fig.  72)  consists  of  four  layers.  Eesting  on  a 
basement  membrane  is  an  epithelial  layer  which  is  thrown  into 
very  irregular  and  strongly  marked  folds.  In  this  layer  nuclei 
occur  but  no  cell  walls  are  apparent.  Separating. the  epithelium 
from  the  lumen  of  the  pharynx  is  a  layer  of  chitin  which  follows 
every  fold  of  the  epithelium.  External  (toward  the  body  cavity) 
to  the  basement  membrane  is  a  layer  of  circular  striated  muscles. 
These  are  closely  packed,  side  by  side,  at  the  beginning  of  the 
pharynx,  and  show  frequent  nuclei  which,  unlike  those  in 
Anurida,  have  no  definite  location  in  the  fiber.  Farther  from 
the  mouth  the  fibers  separate,  leaving  a  little  space  between 
each  two.  No  longitudinal  muscles  are  present.  External  to 
all  is  a  connective  tissue  sheath — the  lining  membrane  of  the 
body  cavity.  In  the  oesophagus  the  epithelial  folds  become 
smaller  and  finally  disappear  (Fig.  73). 

Near  the  end  of  the  fourth  abdominal  segment  the  cesophagus 
quite  suddenly  contracts,  chiefly  on  its  ventral  and  lateral  por- 
tions, forming  a  tube  less  than  half  the  size  of  the  oesophagus. 
This  tube,  which  is  called  by  Rovelli  the  crop,  has  a  slight  ven- 
tral curvature.  Near  the  end  of  the  fifth  segment  six  longitu- 
dinal chitinous  bands  appear  in  its  walls,  their  bases  interrupting 
and  dividing  into  six  parts  the  layer  of  circular  muscles  which  is 
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here  greatly  developed.  These  bands  project  into  the  lumen  of 
the  tnbe  and  bear  stout  horny  teeth,  while  the  ehitinous  cuticle 
of  the  remainder  of  the  crop  bears  slender  backward-pointing 
spines.  A  layer  of  longitudinal  muscles  external  to  the  circular 
layer  arises  on  the  oesophagus  near  the  end  of  the  third  abdomi- 
nal segment  and  passes  back  to  this  region,  but  its  exact  distri- 
bution I  have  failed  to  ascertain.  Beyond  the  ehitinous  bands 
of  teeth  the  tube  turns  dorsally,  then  bends  suddenly  towards 
the  ventral  side  of  the  body  and  enters  the  mesenteric  portion  of 
the  digestive  tract — the  stomach. 

The  stomach  at  its  anterior  end  consists  of  six  blind  pouches, 
three  on  each  side,  which  surround  the  crop  and  extend  forward 
nearly  to  the  end  of  the  oesophagus.  The  ventral  pouch  on  each 
side  fuses  with  its  fellow  as  it  passes  backward,  and  into  this 
open  the  two  others  on  each  side  and  the  crop  on  the  median 
line.  The  stomach  now  passes  back  into  the  seventh  segment 
where  it  abruptly  turns  to  the  left  and  then  towards  the  head, 
forming  a  half  circle,  where  it  ends.  The  ileum  which  now  fol- 
lows gives  off  the  Malpighian  tubes  and  turns  posteriorly,  com- 
pleting the  circle  and  passing  dorsally  to  the  stomach.  About 
one  segment  posterior  to  this  point  it  enters  the  rectum,  which 
is  a  largo,  irregularly  shaped  chamber  with  many  folds  and  hol- 
lows. This  finally  narrows  into  a  very  short,  straight  tube 
which  leads  to  the  anus,  and  from  the  walls  of  which  dilator 
muscles  pass  in  different  directions  to  the  body  wall. 

The  histological  structure  of  these  divisions  remains  to  be 
described.  The  stomach  (Fig.  74)  has  a  well-developed  layer  of 
columnar  epithelial  cells  with  large  spherical  or  slightly  oval 
nuclei  and  indistinct  cell  walls.  There  are  a  large  number  of 
small  crypts  in  the  epithelium,  which  have  a  glandular  appear- 
ance. Oudemans  ('87),  however,  describing  a  similar  condition 
in  Machilis  maritima,  says  that  the  young  cells  designed  for 
regeneration,  directly  dividing,  and  as  yet  not  secreting,  lie  in 
crypts  which  are  not  considered  as  glands.  The  ends  of  the 
epithelial  cells  bear  what  is  probably  a  "  Harchensaum,"  which 
has  been  already  described  for  Anurida  and  which  corresponds 
in  appearance  with  that  there  present.  The  epithelium  rests 
upon  a  basement  membrane,  external  to  which  is  a  layer  of 
circular  striped  muscles  and  a  few  scattered  longitudinal  ones, 
and  finally  a  connective  tissue  membrane  surrounding  all. 
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The  ileum  (Fig.  75)  has  the  same  layers,  the  "  Harchensanm" 
being  replaced  by  a  thin  chitinoas  cuticle,  showing  this  portion 
of  the  digestive  tract  to  be  of  proctod»al  origin.  The  epithelium 
is  thrown  into  six  distinct  longitudinal  folds  and  its  cells  have 
well-marked  boundaries,  seemingly  continuous  with  processes 
from  the  basement  membrane  which  follows  tliese  folds  and  is 
very  noticeable  in  sections.  The  circular  muscles  do  not  follow 
the  infoldings  of  this  membrane  but  have  spaces  at  those  points. 
The  ileum  is  held  in  place  by  mesenteries  which  pass  to  the 
body  walls  and  which  apparently  include  a  striated  muscle  fiber 
continuous  with  the  layer  of  circular  muscles  of  the  ileum. 

The  rectum  (Fig.  76)  has  its  epitheliam  thrown  into  many 
and  pronounced  folds.  The  cells  are  tall,  columnar,  with  very 
faintly  marked  walls  and  with  the  nuclei  near  the  bases  of  the 
cells.  The  protoplasm  is  homogeneous,  stained  only  slightly  by 
hsBmatoxylin,  and  differs  greatly  in  appearance  from  that  of  the 
stomach.  The  basement  membrane  follows  all  the  folds  of  the 
epithelium,  and  striped  muscle  fibers  ramify  over  it  in  all  direc- 
tions.    The  chitinons  intima  bears  a  few  small  short  spines. 

The  salivary  glands  open  into  the  pharynx  just  in  front  of  the 
labium  by  a  median  duct  which  leads  back  close  beneath  the 
sub-OBSophageal  ganglion  for  a  little  distance.  It  then  forks  and 
forms  the  glandular  portion  of  each  side,  which  lies  in  the  pos- 
terior lateral  part  of  the  head  and  is  a  simple  tubular  gland. 
The  duct  is  lined  by  a  chitinous  cuticle. 

The  Malpighian  tubes  (Figs.  74,  77)  are  long,  convoluted 
tubes  which  arise  from  the  alimentary  tract  close  to  the  junc- 
tion of  stomach  and  ileum.  Their  number  is  not  determined. 
Kamdohr  found  two,  Siebold  and  Gegenbauer  find  four,  while 
Lenckart  finds  six  and  Schindler  ('78)  eight.  Bovelli  states 
that  there  are  but  four  and  Grassi  ('87  a),  in  his  diagram  of  the 
digestive  system  of  Lepisma,  represents  but  three.  From  what 
he  says,  however,  I  infer  that  he  regards  the  number  as  vari- 
able. I  have  been  unable  to  ascertain  the  number  in  the  exam* 
pies  which  I  have  examined,  but  feel  certain  that  there  are  at 
least  four. 

The  tubes  each  consist  of  a  single  layer  of  cells  with  the  walls 
rounded  externally  and  internally  (Fig.  77),  and  none  visible 
between  neighboring  cells.    The  nuclei  are  quite  large,  round 
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or  oval,  and,  scattered  through  the  protoplasm  often,  are  yel- 
lowish, highly  refracting  grannies  which  also  occur  in  the  lumen. 
The  protoplasm  of  the  cells  stains  quite  deeply.  Whether  there 
is  a  chitinous  intima  lining  the  lumen  or  not,  I  cannot  say. 

Fat  Body. 

The  histological  appearance  of  the  fat  body  is  much  the  same 
in  Lepisma  as  in  Anurida.  Its  distribution  is  not  so  sharply 
defined,  however,  and  can  be  best  described  by  saying  that  it 
occupies  almost  the  entire  body  cavity,  while  through  it  pass 
nerves,  muscles,  etc.  Its  relation  to  the  hypodermis  appears  to 
be  much  as  in  Anurida,  except  that  where  the  two  are  contiguous 
there  may  sometimes  be  observed  what  is  apparently  a  delicate 
basement  membrane  separating  them  (Fig.  78). 

OlROULATOBT   SySTEM. 

The  heart  is  situated  as  in  Anurida  on  the  dorsal  median  line 
and  extends  forward  from  that  portion  of  the  abdomen  where 
the  ileum  bends  downward  to  join  the  rectum,  to  the  thorax. 
Hero  it  very  gradually  becomes  smaller  and,  as  the  aorta,  con- 
tinues to  the  prothorax,  where  it  bends  down  and  comes  to  lie 
close  above  the  oesophagus.  When  it  has  attained  a  point  dorsal 
to  the  sub-oesophageal  ganglion  it  becomes  lost.  The  histological 
structure  of  these  portions  agrees  with  that  in  Anurida. 

The  posterior  end  of  the  heart,  instead  of  forming  a  rounded, 
closed  end,  becomes  much  reduced  in  size,  the  lumen  being  only 
large  enough  for  one  or  two  blood  corpuscles  to  lie  in  side  by 
side,  while  its  walls  become  very  muscular  (Fig.  79).  This  por- 
tion of  the  dorsal  vessel  soon  becomes  attached  to  the  dorsal 
hypodermis  and  finally,  near  the  base  of  the  median  anal  stylet, 
opens  with  a  flaring  mouth  like  that  of  a  trumpet,  into  the  body 
cavity.  Near  this  point  it  is  surrounded  and  firmly  held  in  place 
by  numerous  bands  of  muscles  leading  from  the  dorsal  body  wall 
to  a  median  diverticulum  of  the  rectum  lying  just  beneath.  One 
or  two  of  the  more  median  of  these  muscles  appear  to  bend 
around  the  ventral  side  of  this  blood-vessel  and  become  attached 
to  the  hypodermis  again,  thus  placing  it  in  a  sort  of  sling.  Figs. 
79  and  80  represent  sections  of  this  blood-vessel  and  of  the  heart 
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proper,  drawn  from  the  same  series  of  sections  and  equally  mag- 
nified. 

I  have  met  with  no  description  of  the  posterior  portion  of  the 
dorsal  vessel  which  agrees  with  what  I  have  just  described,  and 
long  doubted  the  accuracy  of  my  observations.  The  same  thing 
occurring  in  all  my  specimens,  however,  and  the  confirmation  of 
the  above  description  by  others  who  examined  my  sections,  lead 
me  to  think  that  it  is  neither  an  individual  variation  nor  a  result 
of  a  too  hasty  examination,  but  a  normal  feature  in  the  animal. 
As  to  its  function  I  can  only  suggest  that  as  it  is  highly  mus- 
cular and  near  the  posterior  end  of  the  body,  it  may  be  the  chief 
contractile  portion  of  the  vessel. 

The  blood  corpuscles  (Fig.  80)  apparently  differ  in  no  way 
from  those  of  Anurida. 

Tbaohbal  System. 

The  tracheal  system  is  present,  but  owing  to  lack  of  material 
for  special  examination  on  this  point,  I  can  say  but  little  of  it. 
The  stigmata  open  into  trachese  which  have  a  chitinous  lining 
with  delicate  spiral  threads.  The  trachese  pass  chiefly  in  a  Ion* 
gitudinal  direction  and  with  but  little  branching.  Almost  any 
anterior  section  of  the  abdomen  will  show  two  trunks  cut  trans- 
versely, lying  quite  near  the  lateral  surfaces  of  the  body. 

Nervous  Ststem. 

The  nervous  system  comprises  a  brain  (supra-oesophageal 
ganglion)  and  a  sub-oesophageal  gauglion  united  by  a  circnm- 
oesophageal  commissure,  three  thoracic  and  eight  abdominal 
ganglia.  The  two  first-mentioned  ganglia  are  situated  in  the 
head;  the  last  thoracic  and  first  two  abdominal  ganglia  are  fused 
together  (Fig.  81),  and  the  seventh  and  eighth  abdominal  ganglia 
are  also  fused  (Fig.  82).  From  the  brain  the  antennse  and  eyea 
are  innervated,  and  from  the  sub-oesophageal  ganglion  the  dif- 
ferent mouth-parts. 

Histologically,  the  brain  shows  many  features  of  resemblance 
to  the  brain  of  the  cricket  (Fig.  83),  but  I  shall  not  attempt  a 
description  of  its  parts.  No  trace  of  giant  cells  near  the  origins 
of  the  different  nerves,  such  as  was  observed  in  Anurida,  was 
seen. 
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Sekse  Obgans. 

The  only  sense  organs  which  I  have  observed  are  the  tactile 
organs  and  the  eyes. 

Tactile  organs. — These  differ  little  from  those  of  Annrida, 
except  that  at  their  bases  there  appears  to  be  a  distinct  joint 
with  the  cuticula  (Fig.  78),  as  is  usually  the  case  in  higher  insects. 

The  bristles  are  scattered  over  the  entire  body,  but  are  espe- 
cially abundant  on  the  head.  The  long  and  slender  antennse 
and  the  three  anal  cerci  which  contain  no  muscles,  have  each  a 
nerve  fiber  and  are  true  tactile  organs.  No  such  trilobed  organ 
as  that  described  for  Anurida  was  observed. 

JEye. — The  eye  is  not  "  an  aggregation  of  ocelli,"  but  is  a  true 
compound  eye,  directly  comparable  to  that  of  other  Arthropods 
and  very  different  from  that  of  Anurida.  Each  eye  is  composed 
of  twelve  ommatidea  which  form  a  cluster  of  a  pyramidal  shape, 
the  consequence  of  the  similar  shape  of  each  ommatideum  (Fig. 
84).  The  external  facet — the  cornea — of  each  ommatideum  is 
large,  and  immediately  beneath  it  are  two  large  cells  which  con- 
stitute the  corneagen.  These  cells  are  much  thinner  at  the 
axis  of  the  ommatideum  than  at  the  periphery,  and  are  therefore 
somewhat  triangular  in  section. 

Next  internal  to  the  corneagen  is  the  crystalline  cone,  which 
is  a  large  concavo-convex  mass  of  chitin  nearly  filling  the  entire 
ommatideum  at  that  level.  Just  external  to  it  and  filling  the 
space  remaining  at  its  sides  are  four  small  cells  constituting  the 
vitrella.  Filling  the  inwardly  concave  portion  of  the  crystalline 
cone  and  passing  inward  is  a  rather  long,  pyramidal  chitinous 
mass — the  rhabdomere.  Immediately  surrounding  this  and  pro- 
longed beyond  its  tip  are  four  densely  pigmented  cells,  forming 
the  retinula.'  The  prolongations  of  these  cells  perforate  a  base- 
ment membrane  just  internal  to  the  group  of  ommatidea  and 
become  the  optic  nerves,  passing  to  the  brain.  Surrounding 
each  ommatideum  and  filling  the  spaces  between  neighboring 
ones  is  a  mass  of  small  pigment  cells. 

If  the  parts  of  an  ommatideum  be  pushed  away  from  the  cen- 
tral axis  in  all  directions,  the  outer  layers  moving  most,  while 
the  retinulsB  retain  their  natural  position,  a  pit  is  formed,  and  if 
this  arrangement  be  projected  onto  a  plane  the  result  is  that 
shown  in  Fig.  85.    In  the  drawing  two  of  the  retinulse  have  the 
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pigment  removed,  and  the  ehitiDons  portions  of  the  two  outer 
circles  are  represented  as  narrow  bands  and  not  of  their  proper 
dimensions. 

This  description  of  the  eye  is  in  harmony  with  the  recent 
theory  as  to  the  origin  of  the  compound  eye  offered  by  Watase 
('90),  to  whom  I  am  indebted  for  many  suggestions  and  from 
whose  paper  I  obtained  the  idea  of  the  method  of  representation 
used  in  Fig.  86. 

In  some  regards  the  ommatidea  here  seem  to  resemble  those 
of  Scrolls  as  figured  by  Watase  ('90),  and  appear  to  form  one  of 
the  simplest  compound  eyes  yet  described  among  the  tracheate 
Arthropoda. 

No  trace  of  any  post-antennal  organ  occurs. 

GsNrrAL  Obgans. 

The  position  of  these  organs  and  their  histological  structure 
is  nearly  the  same  as  in  Anurida,  and  because  of  this  I  will  here 
only  reproduce  two  figures  given  by  Grassi  ('87  a),  showing  their 
position  and  form  in  the  adult  male  (Fig.  86)  and  young  female 
(Fig.  87).  These  figures  do  not  represent  those  portions  of  the 
ducts  which  are  of  epidermic  origin. 

Gbkbbal  Considerations. 

Lepisma  is  evidently  more  highly  organized  in  many  respects 
than  Anurida.  The  presence  of  an  ovipositor,  of  scales,  of  well- 
developed  mouth-parts,  of  Malpighian  tubules,  of  a  posterior 
muscular  portion  of  the  heart,  of  a  tracheal  system,  the  modifi- 
cations of  the  different  portions  of  the  digestive  tract  and  the 
histology  of  the  brain,  all  attest  the  considerable  differentiation 
of  Lepisma.  That  Anurida  is  also  quite  highly  organized  ia 
shown  by  the  reduction  in  the  number  of  abdominal  segments 
and  the  corresponding  condensation  of  the  nerve  ganglia,  by 
the  presence  of  various  well  developed  sense  organs,  and  by  the 
presence  in  the  embryo  of  a  "  spring."  That  Anurida  is  a 
degraded  form  is  shown  by  the  absence  of  this  spring  in  the 
adult,  by  the  great  simplicity  of  the  mouth-parts  and  entire 
alimentary  canal,  and  by  the  total  absence  of  tracheae.  These 
modifications,  however,  are  only  such  as  might  be  expected  with 
a  change  of  habits  and  food,  and  indicate  that  an  original 
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increase  in  complexity' was  followed,  after  a  time,  by  retrograde 
development. 

ExiSTINa   ViBWB   AS  TO  THK  RELATIONSHIPS   OF  AbTHKOPODS. 

This  portion  of  my  snbject  has  been  prepared  from  material 
collected  from  so  many  sources  that  it  is  impossible  to  give  the 
exact  references  for  each  statement.  A  list  of  the  literature 
examined,  however,  will  be  found  at  the  end  of  the  article. 

The  division  of  the  Arthropods  into  Crustacea  and  Tracheata 
is  one  that  has  long  existed. 

The  latter  consists  of  three  large  groups — Eexapoda,  Arach- 
nida  and  Myriapoda — and  a  number  of  smaller  ones,  and  the 
various  views  expressed  as  to  the  relations  of  these  subdivisions 
have  differed  with  the  opinions  of  their  authors  as  to  how  far  the 
Tracheata  might  be  accepted  as  a  natural  group,  the  general 
opinion  being  that  the  group  was  by  no  means  to  be  accepted  as 
such. 

Hseckel  ('66)  advanced  the  view  that  all  the  Tracheata  origi- 
nated from  a  common  ancestor — some  primitive  crustacean 
which  he  termed  Zoepoda,  a  view  already  suggested  by  Fritz 
Muller  ('64).  He  regarded  the  Myriapoda  as  closely  related  to 
the  Hexapoda ;  while  the  Arachnids,  though  derived  from  the 
same  stem,  diverged  from  that  stem  very  early  in  its  develop- 
ment.    This  is  the  so-called  Zoea  Theory. 

More  recent  studies  have  resulted  in  the  promulgation  of 
another  view — that  the  Insects  and  Myriapods  had  a  common 
but  far  remote  ancestor,  derived  from  some  primitive  Arthropod, 
from  which  were  also  developed  the  two  branches  of  Crustacea 
and  Arachnida  and  which  was  itself  derived  from  some  primi- 
tive segmented  worm. 

Before  considering  these  and  other  views  more  fully,  let  us 
ascertain  the  prevailing  opinions  as  to  the  relations  of  the 
smaller  groups  of  Arthropods  to  the  larger  main  trunks. 

Limulus  is  no  longer  a  form  of  doubtful  affinities,  the  works 
of  Lankester,  Kingsley  and  others  having  pretty  conclusively 
demonstrated  its  close  relation  to  the  Arachnids  and  especially 
to  the  Scorpions.  Near  it  belong  the  now  extinct  groups  of 
Trilobita  and  Eurypterida.  The  former  is  regarded  as  a  branch 
of  the  stem  from  which  the  Eurypterida  developed  as  a  later 
branch  and  of  which  Limulus  represents  the  tip. 
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The  Pygnogonida  were  at  first  regarded  as  Crustacea  and 
later  as  Arachnida.  The  researches  of  Dohrn  ('81)  have  led  him 
to  the  belief  that  they  are  entirely  independent  of  all  the  other 
groups  of  Arthropods.  Schimkewitseh  ('84,  '87),  on  the  other 
hand,  regards  them  as  both  primitive  and  degraded  forms,  but 
having  common  ancestors  with  the  Arachnids,  and  Morgan 
('90)  adopts  nearly  the  same  view. 

The  Tardigrada  are  placed  among  the  Arachnida  by  Clans 
('85),  but  Oudemans  ('86)  believes  that  they  should  be  removed 
altogether  from  the  Arthropods  and  placed  among  the  fresh- 
water Chsetopod  worms.  Weissenborn  ('87),  from  a  study  of 
their  dermal  skeleton  and  appendages,  is  inclined  to  believe  that 
they  are  ofTshoots  of  a  branch  of  the  primitive  Articulate  stem, 
given  off  before  the  Arachnid  branch  and  perhaps  before  the 
Arthropod  branch.  On  the  whole,  the  phylogenetio  position  of 
this  group  may  be  considered  uncertain. 

Of  the  groups  of  the  Arachnids — the  Araneida,  Acarina,  Pha- 
langida,  Pedipalpi,  Scorpiones,  Pseudo-scorpiones,  Solpugidae 
and  Pentastomida — the  position  of  the  latter  group  is  doubtful, 
showing,  as  it  does,  many  features  similar  to  those  of  the  Myzo- 
stomida  (Balfour,  '80);  Schimkewitseh  ('87),  however,  regards 
the  proposal  to  remove  them  from  the  Arachnids  and  place  them 
with  this  group  as  unwarranted. 

As  to  the  other  groups  mentioned,  the  general  opinion  is  that 
all  are  derived  from  a  common  Arachnid  ancestor.  Oudemans 
('85)  dissents  from  this,  however,  regarding  the  Araneida  and 
Acarina  as  independent  groups  with  no  common  ancestor  nearer 
than  the  primitive  Arthropod  stem. 

Peripatus  is  in  many  features  worm-like ;  in  others,  Myriapod 
aflBnities  are  suggested,  while  still  others  appear  to  point  to  an 
independent  origin.  It  is  generally  placed  near  the  Myriapods 
and  Insects,  however,  and  is  considered  to  be  a  very  primitive 
form. 

Passing  now  to  the  larger  groups,  the  phylogeny  of  the  Insects 
is  a  problem  presenting  much  difficulty  in  its  solution.  That 
portion  of  the  view  of  Hseckel  ('66)  which  concerns  the  Insects 
— that  an  aquatic  Zoea-like  form  assumed  a  terrestrial  habit  and 
acquired  a  tracheal  respiration — is,  for  reasons  which  will  pres- 
ently appear,  unsatisfactory. 
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Another  theory — the  "Oampodea  Theory" — has  been  ad^ 
Tanced  by  Braner  ('69),  Lnbbock  and  Packard.  This  assumes 
that  the  qnite  general  presence,  in  widely  separated  groups,  of 
an  active,  hezapod,  air-breathing  larva  (eampodea-form  or  lepti- 
form  larva)  is  an  indication  that  the  earliest  insects  had  similar 
characters.  The  caterpillar  and  grub  (emciform  larvsB)  are 
secondary  adaptations,  according  to  this  view,  and  the  Thysannra 
are  the  most  accurate  representatives  of  the  ancestral  form  of 
any  insects  now  living. 

The  derivation  of  this  form  is  not  agreed  upon  by  the  sup- 
porters of  the  Campodea  theory.  Meyer  ('76)  believes  it  to  have 
arisen  from  some  unjointed  worm  which  formed  a  point  of 
divergence  for  all  Tracheates  and  the  higher  worms,  and  closely 
related  to  a  form  which  was  the  ancestor  of  the  Crustacea. 
Braner  ('85)  regards  the  Insects  as  derived  from  a  form  in  which 
development  of  the  appendages  of  the  first  three  post-cephalic 
segments  and  retrogression  of  those  of  the  other  segments 
occurred.  From  this  modified  form,  through  the  multiplication 
of  homonomous  segments,  the  Myriapods  branched  oS  on  one 
side  and  the  Insecta  Apterygogenea  (primitively  wingless  insects) 
on  the  other.  Lubbock  ('74)  is  inclined  to  trace  the  Thysannra 
back  to  the  Tardigrada,  and  through  them  to  the  Rotifera,  while 
Wood-Mason  and  Grassi  (Haase,  '86)  derive  them  from  the  crus- 
tacean Nauplius  or  Zoea.  Several  slight  modifications  of  these 
views  are  held  by  various  students  of  the  subject. 

A  third  theory  has  also  been  advanced,  chiefly  by  Gegenbaur 
('70).  He  regards  the  ancestors  of  Insects  as  aquatic,  breathing 
by  a  row  of  metamerically  placed  tracheal  gills  on  each  side  of 
the  body,  as  is  seen  in  Ephemerid  larvse  at  the  present  day. 
This  form  developed  from  a  worm  bearing  dorsal  gills.  As  this 
worm  for  some  reason  became  terrestrial,  the  pairs  on  the  meso- 
thorax  and  metathorax  became  greatly  enlarged  and  functional 
for  locomotion,  while  the  others  became  torn  ofl^,  leaving  an 
opening  where  the  tracheal  trunk  passed  from  each  gill  into  the 
body,  as  the  representative  of  the  stigmatal  opening. 

Something  not  unlike  this  is  met  with  in  the  writings  of  Oken 
('47),  where  he  says :  "  The  wings  of  insects  are  branchial 
laminae  converted  into  air-organs,"  and  Owen  ('55)  carries  the 
idea  a  little  farther  when  he  says  that  the  wings  are  "the 
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homolognes  of  the  tergal  branchiaB  of  the  vermiform  Articulata, 
raised  to  a  higher  function  in  correlation  with  a  generally  trans- 
muted state  of  the  rest  of  the  organization,  which  is  advanced  to 
the  utmost  p^ection  of  which  the  Arthropod  type  of  structure 
is  susceptible."  The  same  general  conclusion  is  also  reached  by 
Plateau  ('71). 

This  view  is  a  most  pleasing  one,  offering,  as  it  does,  such  a 
simple  explanation  of  the  origin  of  wings.  The  evidence,  how- 
ever, appears  to  oppose  it.  If  true,  the  Ephemeridse  would  be 
isolated  forms  which  have  retained  very  primitive  features. 
Yet  this  group  is  in  many  regards  quite  highly  organized.  This 
view  also  requires  that  the  Insect  ancestor  should  be  aquatic, 
while  the  earliest  fossil  remains  are  those  of  terrestrial  forms, 
resembling  the  Orthoptera  (Blattidse).  Then,  the  value  of 
tracheal  gills  as  an  ancestral  feature  is  overestimated,  for,  in 
some  species,  precisely  similar  gills  occur  on  the  joints  of  the 
legs,  on  the  ventral  surface  of  the  body,  and  even  between  the 
wings.  As  these  cannot  correspond  to  the  dorsal  gills  of  worms, 
and  as  tracheal  gills  of  any  kind  occur  in  so  few  forms,  the  sus- 
picion arises  that  these  gills,  whatever  their  position,  are  sec- 
ondary adaptations,  correlated  with  some  change  of  environ- 
ment or  habits  (Qraber,  '77). 

Examining,  now,  the  various  views  as  to  the  relations  of  the 
Myriapods  to  the  other  Arthropoda,  we  find  a  great  hesitancy 
on  the  part  of  the  more  recent  writers  to  express  their  opinions. 

Placed  by  all  the  earlier  students  of  the  group  as  an  offshoot 
of  the  hexapod  stem,  or  even  as  the  direct  ancestors  of  hexapods, 
views  opposed  to  these  have  been  very  cautiously  expressed  and 
then  qualified  by  statements  that  too  little  is  known  of  anatomy 
and  development  to  warrant  a  discussion  of  the  question.  Heath- 
cote  ('88)  states,  however,  that  he  regards  them  as  being  "  remotely 
descended  from  some  Peripatus-like  stalk,"  but  says  nothing  as 
to  their  relations  with  the  Hexapoda.  Packard  ('83)  believes 
that  the  Myriapods  branched  off  from  a  much  more  primitive 
form  than  the  Scolopendrella-like  ancestor  of  the  Hexapoda, 
while  Kingsley  ('85)  voices  a  growing  idea  among  recent  workers 
when  he  says,  "  it  seems  possible  that  they  (the  Myriapods) 
have  no  connection  with  the  Hexapods."  Peripatus  seems  to  be 
nearer  to  the  Myriapods  than  to  any  other  group,  and  it  may  be 
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that  these  are  derived  from  a  common  ancestor  wholly  distinct 
from  that  of  the  Hexapods. 

A  consideration  of  the  relations  of  the  varions  groups  is  best 
accomplished  by  an  examination  of  their  stem  forms.  When 
these  are  not  in  existence  their  characters  may  be  ascertained  in 
part  in  three  ways — from  paleontology,  and  the  anatomy  and 
embryology  of  their  descendants.  In  the  examination  of  these 
sources  of  evidence  all  secondary  and  recent  acquirements,  all 
falsifications  of  the  record,  precocious  developments,  coBnogenetic 
and  all  other  modifications  must  be  considered.  Difficult  as  the 
task  is,  it  is  rendered  far  more  so  by  the  terrestrial  habitat  of  the 
Tracheata,  for  geological  evidence  points  to  far  more  frequent  and 
extreme  changes  in  a  terrestrial  than  in  a  marine  environment, 
these  changes  having  of  course  much  significance  in  the  struggle 
for  existence  and  the  survival  of  the  fittest.  It  is  not  to  be  won- 
dered at,  therefore,  that  the  various  views  offered  in  the  past 
have  differed  greatly  in  many  regards,  and  any  suggestions 
offered,  with  our  present  knowledge,  should  be  only  tentative. 

The  evidence  afforded  by  paleontology  is,  as  for  other  groups, 
very  fragmentary.  Scudder  ('86)  says :  "  The  earliest  insects, 
then,  were  generalized  hexapods,  Paleodictyoptera,  in  which  the 
four  wings  were  equally  and  simply  developed,  membranous,  and 
with  very  simple  neuration.  Their  metamorphoses  were  simple 
and  '  incomplete,'  the  young  leaving  the  egg  in  the  form  of  the 
parent,  but  without  wings,  the  assumption  of  which  required  no 
quiescent  stage  before  maturity.  They  appeared  probably  as 
early  as  any  land  plants,  certainly  by  the  middle  of  the  Silurian 
epoch,  and  continued  as  a  homogeneous  type  until  the  end  of  the 
Paleozoic  period."  In  Mesozoic  times  active  differentiation  oc- 
curred, the  modern  types  of  Orthoptera,  Neuroptera,  Hemiptera, 
and  Ooleoptera  appearing,  while  the  Diptera,  Hymenoptera  and 
Lepidoptera  appeared  last  in  the  Lias  and  Oolite.  Since  the 
Tertiary  epoch  little  change  in  the  general  features  of  the  insect 
life  has  occurred. 

Brauer  ('86)  regards  this  view  of  Scudder's  as  incorrect.  In- 
stead, he  thinks  that  the  paleontological  evidence  shows  that 
Paleozoic  insects  do  not  contradict  the  ordinary  belief  of  a  Thy- 
sanuran-like  ancestor,  nor  do  they  form  a  special  order,  the  com- 
mon basis  of  those  now  existing.  He  also  claims  that  no  proof 
can  be  advanced  for  the  group  of  Paleodictyoptera. 
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Thus  the  chief  facts  derived  from  this  source  of  evidence  are 
that  the  oldest  known  insects  were  terrestrial,  with  four  similar 
wings,  incomplete  metamorphosis,  and  that  they  were  already 
quite  highly  developed  in  very  early  times. 

Thus  far  paleontology  aids  us.  Let  us  now  consider  the  evi- 
dence afforded  by  anatomy  and  embryology. 

Features  universal  among  insects  which  have  many  widely 
differing  modifications  in  connection  with  differences  of  food, 
habits,  environment  and  the  like  may  be  considered  as  probably 
of  phylogenetic  value.  Hence,  to  determine  the  characters  of 
the  ancestors  of  the  Hexapoda,  these  universal  features  must  be 
collected. 

Excluding  the  Thysanura  from  consideration,  we  find  the  fol- 
lowing characters  present  in  all  adult  insects : 

1.  The  body  is  segmented  and  bilaterally  symmetrical.  Divi- 
sion into  head,  thorax  and  abdomen  is  also  an  almost  universal 
feature.  A  pair  of  jointed  legs  is  present  on  each  thoracic  seg- 
ment. Abdominal  legs  are  absent  in  the  adult.  In  the  em- 
bryo, however,  a  pair  of  processes  appears  on  the  ventral  surface 
of  each  abdominal  segment.  These  afterwards  disappear,  and 
some  of  the  secondary  sexual  appendages  of  the  abdomen  are 
regarded  by  some  as  being  derived  from  them.  The  presence  of 
wings  or  of  dorsal  appendages  on  the  two  posterior  thoracic  seg- 
ments is  very  general.  On  the  head  occur  a  pair  of  jointed 
antennae  and  a  pair  of  eyes.  The  mouth-parts  differ  much  in 
the  different  orders,  but  may  all  be  reduced  to  modifications  of  a 
mandibnlate  type,  with  three  pairs  of  jaws ;  and  that  this  condi- 
tion is  the  more  ancestral  is  supported  by  what  paleontological 
evidence  we  possess. 

Exceptions  to  some  of  these  statements  occur,  but  in  every 
case  the  reason  for  the  exception  can  be  shown  to  be  secondary 
adaptation,  which  does  not  invalidate  the  statements  above. 

2.  The  external  covering  consists  of  a  chitinous  layer  secreted 
by  a  subjacent  cellular  layer.  Scales  and  hairs  (except  sensory 
hairs  ?)  are  not  ancestral. 

3.  The  digestive  system  varies  much  in  the  different  groups, 
the  variations  being  generally  correlated  with  differences. of  food 
and  habits.  Thus  in  the  suctorial  mouthed  orders  there  is 
either  a  separate  chamber,  the  sucking  stomach,  with  a  duct 
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from  it  to  the  main  alimentary  tract,  or  the  corresponding  region 
of  this  main  tract  becomes  so  modified  as  to  form  a  series  of 
chambers  serving  a  similar  purpose.  Those  insects  with  compar- 
atively innutritions  food  have  long  and  convoluted  alimentary 
tracts  with  various  valvular  structures  to  aid  in  extracting  nour- 
ishment from  the  food,  while  insects  in  which  this  is  quite  con- 
centrated have  simpler  digestive  organs. 

The  universal  features  of  the  alimentary  canal  are  partially 
indicated  by  embryology.  From  a  study  of  its  development  we 
conclude  that  a  median  portion  is  derived  from  the  hypoblast 
(mesenteron),  and  that  this  portion  establishes  communication 
with  the  exterior  by  means  of  two  invaginations  of  the  outer  sur- 
face of  the  embryo,  one  anterior  (stomodseum)  and  one  posterior 
(proctodaeum).  These  push  inward  and  unite  with  the  mesen- 
teron,  all  together  forming  a  continuous  tube.  The  lining  walls 
of  the  two  invaginations  preserve  their  ectodermal  property  of 
secreting  a  chitinous  outer  layer,  which  is  evident  in  the  adult. 
By  modifications  of  these  three  parts  of  the  alimentary  canal  the 
many  differing  structures  seen  in  different  insects  are  obtained. 
Quite  universal  is  the  presence  of  a  pair  of  glands  opening  into 
the  anterior  (stomodaeal)  invagination,  and  of  one  or  two  pairs  of 
long  thread-like  tubes  opening  into  the  posterior  (proctodseal) 
invagination.  While  these  may  possibly  be  modifications  of 
another  set  of  structures,  they  apparently  assumed  their  present 
functions  and  position  at  a  very  early  period  of  insect  phylogeny 
and  may  fairly  be  regarded  as  quite  ancestral. 

4.  The  body  cavity  is  at  least  partly  filled  by  a  fat  body,  in 
tlie  cavities  of  which  a  circulation  of  blood  occurs. 

5.  The  respiration  is  tracheal,  the  only  exceptions  being  in 
degenerate  or  otherwise  secondarily  adapted  forms.  Whether 
trachesg  leading  to  open  stigmata  or  into  closed  gills  is  the 
ancestral  condition,  is  a  much  controverted  point  which  will  be 
considered  later.  That  a  tracheal  system  of  some  sort  is  an 
ancestral  feature,  however,  there  can  be  no  doubt,  nor  that  these 
trachese  were  present  in  pairs  in  the  thorax  and  in  the  anterior 
(perhaps  all)  segments  of  the  abdomen. 

6.  The  circulatory  system  in  insects  varies  little.  It  consists 
of  a  dorsal  vessel  or  heart  which  becomes  contracted  in  the  tho- 
racic region,  forming  a  smaller  tube,  the  aorta.  This  was  prob- 
ably very  nearly  its  ancestral  form. 
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7.  The  nervous  system  of  the  Hexapods  has  certain  features 
common  to  all  groups.  These  are  a  ganglionic  mass  above  or 
anterior  to  the  oesophagus — supraoesophageal  ganglion  or  brain — 
connected  with  a  similar  ganglionic  mass  posterior  to  the  (Esoph- 
agus— infra  or  suboesophageal  ganglion — by  two  nerve  cords,  one 
passing  each  side  of  the  oesophagus,  which  is  thus  encircled  by  a 
ring  of  nervous  matter.  The  two  nerve  cords  constitute  the  cir- 
cumoesophageal  commissures.  Posterior  to  the  suboesophageal 
ganglion  is  a  series  of  similar  ganglia  joined  to  each  other  by 
two  commissures.  Comparison  of  the  nervous  system  in  difiFerent 
insects  and  in  different  stages  of  develo.pment  indicates  that  the 
ganglia,  while  showing  a  tendency  towards  ametameric  arrange- 
ment, one  for  each  segment  of  the  body,  show  also  a  tendency  to 
concentrate  towards  the  head  and  fuse  with  one  another.  Re- 
sulting from  this,  the  number  of  ventral  ganglia  varies  in  dif- 
ferent insects.  Similarly,  some  insects  have  ganglia  which  are 
dense  rounded  masses  of  nerve  cells  and  fibers;  in  others  these 
show  traces  of  having  been  at  some  time  two  ganglia,  side  by 
side ;  and  in  still  others  the  fusion  is  even  less  complete.  Thus 
we  may  assume  as  primary  two  parallel  bands  of  nerve  cords, 
with  an  enlargement  in  each  band  anterior  and  another  posterior 
to  the  oesophagus,  and  one  enlargement  in  each  of  the  remaining 
segments  of  the  body.  Probably  the  two  ganglia  anterior  to  the 
oesophagus  had  already  fused  to  form  the  superoesophageal  gang- 
lion. The  suboesophageal  ganglion  is  probably  the  result  of  the 
fusion  of  the  ganglia  of  several  segments,  but  this  condensatioa 
was  doubtless  accomplished  at  a  very  early  period. 

8.  Insects  are  always  unisexual.  The  essential  organs  are 
paired  or  show  traces  of  modification  from  such  a  condition,  and 
open  to  the  exterior  by  median  ducts  of  epiblastic  origin  (certain 
exceptions  do  not  affect  this  general  statement).  The  secondary 
sexual  features  differ  greatly  in  different  insects  and  have  no 
phylogenetic  value,  being  comparatively  recent  acquisitions. 

Some  of  these  points  demand  a  fuller  consideration.  The 
question  as  to  the  significance  and  homologies  of  the  parts  of  the 
head  and  mouth  is  one  of  much  importance,  for,  if  it  can  be 
shown  that  the  Arthropod  head  consists  of  a  series  of  modified 
and  much  condensed  metamcres  only,  it  will  aid  in  establishing 
certain  views  as  to  the  phylogeny  of  the  group,  to  be  considered 
later. 


THE  RELATIONSHIPS  OF  ARTHROPODS.        477 

Everywhere  among  the  Arthropods  we  observe  metamerism 
which,  in  the  thoracic  and  abdominal  regions,  is  almost  wholly 
undisguised.  We  find  that  these  regions  consist  of  a  series  of 
similar  segments,  showing  much  the  same  structure,  both  as 
regards  the  skeleton  and  the  internal  anatomy.  Each  segment 
bears  a  pair  of  ventral  appendages ;  each  has  a  nerve  ganglion, 
and  the  appendages  of  a  segment  are  innervated  from  the  gang- 
lion of  that  segment.  In  the  insects  the  thoracic  appendages 
have  become  greatly  developed  ;  with  the  abdominal  appendages, 
on  the  contrary,  it  is  the  reverse,  and  their  existence  is  now 
shown  chiefly  by  embryology.  A  study  of  the  mouth-parts 
sliows  that  they  are  ventral  appendages  which  have  been  modi- 
fied from  an  original  locomotor  function,  and  a  study  of  their 
number  and  innervation  should  throw  some  light  upon  the  true 
value  to  assign  to  the  head,  indicating  the  amount  of  cephaliza* 
'  tion  and  condensation  it  has  undergone,  and  of  what  it  really 
consists. 

In  side  view  the  supraoesophageal  ganglion  of  insects  shows 
three  enlargements.  The  anterior  one,  called  by  Viallanes  ('87) 
the  protocerebron,  gives  rise  to  the  nerves  which  innervate  the 
eyes;  the  middle  enlargement — deutocerebron — innervates  the 
antennsB,  while  the  third — tritocerebron — which  in  the  Decapod 
Crustacea  innervates  the  second  pair  of  antennse,  here  innervates 
no  appendages,  but  gives  rise  to  the  roots  of  the  stomato-gastric 
(sympathetic)  system.  On  this  segment  is  borne  the  labrum  or 
upper  lip.  This  is  not  regarded  as  a  pair  of  fused  appendages, 
however,  but  as  a  modified  portion  of  the  ventral  integument. 
Passing  to  the  suboesophageal  ganglion  we  find  that  it  inner- 
vates the  mandibles,  maxillsa  and  labium,  indicating  that  it  is 
the  product  of  a  fusion  of  three  distinct  ganglia.  If  this  be  cor- 
rect, the  view  of  Yiallanes  must  be  accepted  and  the  head  be 
considered  as  being  composed  of  six  segments,  three  preoral  and 
three  postoral. 

The  origin  and  homologies  of  the  respiratory  system  are  much 
disputed  points.  The  view  of  Gegenbaur  ('70),  already  briefly 
stated,  is  that  the  open  system  with  stigmata  is  secondary,  the 
primary  condition  being  a  closed  system  leading  into  a  pair  of 
lateral  leaf-like  expansions  on  the  side  of  each  segment.  The 
air  in  the  tracheae  in  these  expansions  was  thus  brought  very 
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close  to  that  in  the  water  in  which  these  insects  lired,  and  by  a 
gaseoas  exchange  that  within  the  tracheae  was  purified.  He 
believes  that  the  tracheae  originally  functioned  as  hydrostatic 
organs  and  became  secondarily  adapted  to  their  respiratory  func- 
tion,  developing  for  its  furtherance  the  lateral  outgrowths.  Of 
these,  two  pairs  on  two  thoracic  segments  became  hypertro- 
phied  upon  a  change  to  terrestrial  life,  while  the  remaining  ones 
became  lost  at  a  subsequent  molt  of  the  cuticle,  leaving  open 
stigmata. 

The  objections  to  this  view  are  several.  One  of  Gegen- 
baur's  arguments  to  support  it  is  that  larvae  which  will  later 
have  appendages  of  the  kind  under  consideration,  on  certain  seg- 
ments, have  no  stigmata  on  these  segments.  As  by  the  theory 
the  wings  are  hypertrophied  tracheal  gills,  stigmata  should  not 
occur  on  these  segments.  Quite  a  number  of  beetle  larvae,  how- 
ever, are  known  which  have  mesothoracic  stigmata.  Another 
difficulty  has  been  brought  forward  by  Palmen  ('77),  who  has 
shown  that,  though  the  gills  of  some  aquatic  larvae  are  attached 
to  the  skin  near  where  the  stigmata  will  open  in  the  adult, 
and  though  stigmata  and  gills  never  coexist  in  a  segment, 
yet  the  point  of  attachment  of  the  gill  never  coincides  with  the 
place  where  the  future  stigma  will  open.  He  urges  that  the 
gills  and  stigmata  have  no  genetic  relation  and  that  the  closed 
tracheal  system  is  secondary. 

The  development  of  Calotermes  as  given  by  F.  Miiller  ('75)  is 
also  opposed  to  this  view.  In  the  young  larvae  wing-like  thor- 
acic processes  appear,  into  which  the  tracheae  grow  at  a  distinctly 
later  period.  If  Gegenbaur's  theory  were  correct  the  lateral 
processes  should  contain  tracheae  from  the  first,  as  the  processes, 
according  to  that  view,  are  developed  to  satisfy  the  demand  for 
the  purification  of  the  air  in  the  tracheae.  From  his  studies  on 
the  subject  Mtiller  thinks  that  the  wings  are  not  modified 
tracheal  gills,  but  regards  them  as  derived  from  lateral  processes 
of  the  dorsal  plates  of  the  segments  concerned. 

The  evidence  from  rectal  gills  in  the  larvae  of  the  Libellulidae 
points  to  the  closed  system  with  a  rectal  place  of  purification  as 
being  secondary  and  correlated  with  the  assumption  of  an  aquatic 
habit.  If  this  be  so,  it  is  equally  plausible  that  motanieric 
external  gills  are  also  secondary  acquisitions,  and  other  facts 
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seem  to  sustain  this  view.  Hence  the  assumption  above,  that 
the  primitive  form  of  respiration  was  through  open  stigmata,  and 
that  the  forms  possessing  it  were  terrestrial,  is  not  disproved 
by  the  facts. 

The  absence  of  stigmata  on  the  head  and  on  one  or  two 
abdominal  segments  remains  to  be  considered  in  this  connection. 
The  view  which  regards  the  Insect  as  a  series  of  similar  meta- 
meres  throughout,  demands  that  each  organ,  segmentally  re* 
peated  in  some  segments,  should  be  present  in  some  form  in 
every  segment.  To  find  traces  of  the  missing  stigmata  and  the 
trachese  leading  from  them,  embryology  has  been  resorted  to,  and 
in  some  cases  with  success.  For  the  lack  of  stigmata  on  certain 
abdominal  segments,  the  description  of  the  development  of  the 
Bee,  as  given  by  Grassi  (^86),  may  be  considered.  He  says  that 
on  the  posterior  region  of  the  dorsal  surface  of  the  embryo,  two 
little  pits  are  formed.  Later,  the  area  containing  them  becomes 
invaginated  to  form  the  proctodeum,  and  elongation  of  the  pits 
converts  them  into  the  two  pairs  of  Malpighian  tubes  of  the 
adult.  The  only  difference  between  these  pits  and  those  of  just 
developing  trache©  is  that  the  former  are  nearer  the  middle 
line  of  the  body,  but  if  the  abdomen  were  not  folded  onto  the 
dorsal  surface  of  the  egg  the  pits  would  exactly  correspond.  He 
claims  additional  weight  for  this  explanation  from  the  fact  that 
in  the  sillc-worm  stigmata  are  absent  from  these  segments  and 
there  are  three  pairs  of  Malpighian  tubes  in  the  adult.  On  the 
other  hand,  Cholodkovsky  ('87)  states  that  the  larval  Malpighian 
tubes  of  each  side,  normally  three  in  number,  join  the  procto- 
dseum  by  a  single  basal  trunk.  In  the  pupa  the  terminal  por- 
tions undergo  histiolysis  and  are  lost,  while  the  basal  trunks 
grow  out  to  form  the  Malpighian  tubes  of  the  adult,  remaining 
simple  (Tineidse)  or  branching  to  form  three  on  each  side  (most 
Lepidoptera).  If  these  observations  be  correct  the  primitive 
condition  in  Lepidoptera  was  that  of  a  single  pair  of  Malpighian 
tubes,  and  therefore  representing  the  stigmata  and  tracheae  of 
but  one  segment. 

If  we  seek  for  modified  respiratory  organs  in  the  head  we  find 
no  structure  which  can  be  homologised  with  them  in  any  part 
of  the  preoral  portion.  Homologous  structures  are  apparently 
present  in  some  of  the  postoral  segments,  however. 
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Two  organs  may  be  considered  in  this  connection — the  salivary 
and  the  spinning  glands.  The  former  arise  as  paired  epiblastic 
invaginations  of  the  ventral  plate,  just  behind  the  mouth,  on  the 
inner  side  of  the  mandibles.  The  ducts  afterwards  unite,  form- 
ing a  common  duct  which  acquires  an  opening  into  the  mouth. 
They  are  lined  by  chitin  which  shows  markings  very  similar  to 
the  delicate  spiral  threads  so  characteristic  of  trachese.  The 
generally  accepted  opinion  is  that  the  salivary  ducts  (and  prob- 
ably the  glands)  represent  the  trachese  of  the  mandibular  seg- 
ment of  the  head. 

The  consideration  of  the  spinning  glands  is  more  difficult. 
They  are  present,  according  to  Claus  ('86),  only  in  larvse,  but 
more  recent  researches  have  established  their  presence  in  the 
adult  TenthridinidfiB  (Poletajew,  '85),  and  in  embryonic  life 
Grassi  ('86)  has  described  in  the  Bee  three  pairs  of  epiblastic 
pits  corresponding  to  the  buccal  segments.  That  one  well  devel- 
oped pair  of  spinning  glands  occur,  as  already  stated,  in  larvse, 
is  well  known.  These  arise  as  epiblastic  invaginations  on  the 
inner  sides  of  the  second  maxillse  (labium)  in  Apis  and  Lepi- 
doptera,  according  to  Balfour  ('80),  and  "  are  very  similar  in 
their  structure  and  development  to  salivary  glands." 

These  facts  indicate  that  spinning  glands,  while  of  great  use 
to  some  larvse,  have  become  rudimentary  and  only  perceptible 
in  the  embryo  in  the  majority  of  insects.  The  three  pairs  of 
pits  observed  by  Grassi  would  indicate  the  presence  of  a  maxil- 
lary pair  of  trachesB  which  have  become  even  more  rudimentary 
than  the  labial  pair.  It  would  be  interesting,  however,  to  study 
the  development  of  the  salivary  reservoirs,  to  determine  whether 
they  are  diverticula  of  the  salivary  ducts  or  derived  from  maxil- 
lary invaginations  which  have  acquired  a  secondary  relation  to 
the  mandibular  pair. 

Thus  we  find  at  some  stage  of  development  traces  of  structures 
homologous  with  stigmata  and  tracheae  in  each  of  the  postoral 
segments  of  the  head.  Their  absence  on  the  preoral  portion, 
and  the  absence  there  also  of  ventral  appendages  innervated  by 
the  brain,  indicate  that,  while  it  is  possible  that  the  preoral  por- 
tion is  itself  a  fusion  of  several  (three)  segments,  it  is  also  possi- 
ble that  these  segments  are  not  homologous  with  the  postoral 
ones.     What  may  perhaps  be  interpreted  in  the  same  way  is  the 
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absence  of  nephridia  from  the  three  anterior  Bomites  of  the  body 
of  the  Oligochseta. 

The  primitive  arrangement  of  the  genital  ducts  remains  for 
consideration.  The  almost  universal  unpaired  condition  finds 
an  exception  among  the  Ephemeridse,  where  these  ducts  are  dis- 
tinctly paired,  as  has  been  shown  by  Palm^n  ('84).  Considerable 
embryological  evidence  also  indicates  a  paired  arrangement  as 
being  the  primitive  one.  Without  going  into  details  on  this 
topic,  suffice  it  to  say  that  it  is  probable  that  the  genital  organs 
and  ducts  were  primarily  distinct  from  each  other  throughout. 

If  from  this  summary  of  the  ancestral  features  retained  by  the 
insects  now  existing  we  attempt  to  describe  the  structure  of  the 
primitive  form  from  which  they  have  been  derived  and  which 
has  been  termed  Archentomon  by  Meyer  ('76),  we  shall  obtain 
the  following : 

Archentomon  was  a  segmented  bilaterally  symmetrical  animal, 
showing  a  division  into  head,  thorax  and  abdomen  (perhaps 
slight).  A  pair  of  jointed  legs  occurred  on  each  thoracic  and 
abdominal  (?)  segment;  two  pairs  of  wings  (perhaps  only  dorsal 
lobes)  were  present  on  the  last  two  thoracic  segments ;  a  pair  of 
antennae  and  a  pair  of  eyes  were  borne  on  the  head ;  the  mouth- 
parts  were  formed  for  biting,  and  three  pairs  were  present.  The 
body  was  covered  by  a  somewhat  chitinous  layer  resting  upon  a 
cellular  layer;  the  alimentary  tract  was  a  straight  tube,  the 
terminal  portions  of  which  were  lined  by  a  chitinous  layer  like 
that  of  the  surface  of  the  body.  Into  the  anterior  portion  of  this 
tube  opened  the  ducts  of  a  pair  of  secretory  glands,  and  into  the 
posterior  portion  opened  several  thread-like  hollow  tubes. 
Respiration  was  effected  by  tracheal  tubes,  opening  to  the 
exterior,  one  pair  in  each  thoracic  and  abdominal  segment  except 
one  or  two  of  the  latter. 

The  circulatory  system  consisted  of  a  dorsal  vessel,  narrowed 
in  the  thoracic  region.  The  nervous  system  consisted  of  two 
fused  anterior  ganglia,  forming  a  supraoesophageal  ganglion ;  two 
nerve  cords,  one  passing  each  side  of  the  cesophagus  and  entering 
a  subcesophageal  ganglion  consisting  of  several  ganglia  fused ; 
posterior  to  this  a  segmentally  placed  series  of  ventral  ganglia 
joined  to  those  next  in  front  and  behind  by  pairs  of  commissural 
bands.     A  fat  body  at  least  partly  occupied  the  body  cavity. 
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The  sexnal  organs  were  paired,  opening  to  the  exterior  by  a 
median  duct.  The  sexes  were  distinct  and  the  animal  was 
terrestrial. 

Having  now  obtained  some  idea  of  the  probable  characters  of 
the  earliest  insects,  we  are  prepared  to  consider  the  relations  of 
the  Thysannra  to  these  forms. 

If  we  inquire  into  the  cause  of  simplicity  in  some  members  of 
a  group  of  in  general  high  complexity,  we  find  that  this  sim- 
plicity may  result  from  the  action  separately  or  together  of  a 
number  of  influences.  It  may  be  due  to  a  simple  retention  of 
ancestral  features,  the  animals  concerned  entering  but  slightly 
into  the  struggle  for  existence  with  other  species,  or  living  under 
circumstances  which  have  changed  but  little  (as  in  Limnlus),  or 
it  may  be  the  result  of  degradation.  If  the  latter  be  the  case, 
the  degradation  may  be  the  result  of  a  parasitic  life,  or  of  a 
change  from  a  motile  to  a  fixed  life  as  in  the  barnacles  (Cirri pedia), 
or  it  may  be  correlated  with  a  change  of  habits  and  surroundings. 
Bestating  these  possibilities  for  the  case  in  hand,  and  excluding 
degradation  resulting  from  parasitism  and  from  an  attached  life, 
as  not  here  applicable,  we  obtain  the  following.  The  Cinura 
and  the  Insects  are  derived  from  a  common  stock,  a.  Both 
groups  have  undergone  much  differentiation,  but  in  the 
Thysanura  this  ceased  after  a  time  and  was  followed  by  degrada- 
tion, resulting  in  the  production  of  forms  so  simple  as  to  appear 
primitive.  5.  While  the  Insects  have  undergone  much  differ- 
entiation, the  Thysanura  have  from  some  influence  varied  little 
and  have  retained  most  of  their  ancestral  features.  If  the 
former  view  concerning  the  Thysanura  be  correct,  a  study  of  the 
embryology  of  these  forms  should  show  us  traces  of  a  greater 
differentiation,  followed  by  modification  and  retrogression.  It 
is  true  that  little  is  known  of  Thysanuran  embryology,  but  that 
little  shows  us  no  such  changes  as  this,  but  instead  a  constantly 
increasing  differentiation  until  the  embryo  leaves  the  egg,  when 
it  is  nearly  like  the  adult.  Much  of  the  same  reasoning  that 
regards  Limulus  as  having  remained  in  so  nearly  its  primitive 
state  because  of  the  uniformity  of  its  environment,  will  apply 
with  nearly  equal  force  to  the  Cinura,  and  the  conclusion  we 
reach  is  that  the  group  has  retained  most  of  its  ancestral  featuree 
and  is  composed  of  really  very  primitive  forms. 
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With  the  Collembola  the  case  is  somewhat  different.  To 
many  featnres  common  to  both  groups  are  added  others  sug- 
gestive of  a  greater  amount  of  differentiation.  Thus  we  find  a 
concentration  of  the  abdominal  somites,  and,  correspondingly,  of 
the  nerve  cord ;  the  presence  of  various  well  developed  sense 
Cleans,  and  of  a  complex  structure — tlie  spring. 

In  some  cases  some  amount  of  retrogression  is  also  noticeable, 
as  in  Anurida.  The  absence  of  a  spring  in  the  adult,  of  tracheee, 
and  the  simple  condition  of  the  month-parts,  all  indicate  degra- 
dation. The  general  belief,  drawn  from  a  consideration  of  these 
facts,  is  that  the  Collembola  is  a  group  in  which  greater  differ- 
entiation has  occurred  than  in  the  Cinura,  followed,  however,  in 
some  cases  by  a  degradation. 

We  may  therefore  conclude  that  in  a  general  way  the  Cam- 
podea  theory  is  sustained  on  the  one  hand  by  the  evidence 
obtained  /rom  the  higher  insects,  and  on  the  other  from  the 
anatomy  of  the  Thysanura.  Of  the  latter  group  the  Cinura  are 
less  complicated  on  the  whole  than  the  Collembola,  and  Cam- 
podea  and  Japyx  are  among  its  simpler  members,  while  Lepisma 
and  Machilis  are  more  highly  developed. 

An  attempt  to  construct  a  genealogical  tree  in  accordance  with 
the  views  thus  far  accepted  would  result  about  as  follows :  From 
Archentomon  two  or  several  trunks  developed.  One  of  these 
trunks  divides,  one  limb  becoming  the  Cinura,  which  have 
become  only  slightly  modified  from  their  Archentomon  ancestor. 
Hence  the  branches  of  this  limb  would  be  short,  the  longest  ones 
representing  Lepisma,  Machilis,  etc.,  while  the  tip  of  the  limb 
itself  would  probably  represent  Campodea  or  possibly  Scolopen- 
drella,  which  will  be  considered  below.  The  other  limb  would 
represent  the  Collembola  and  send  branches  in  various  direc- 
tions. Some  of  these  branches,  however,  soon  bend  back 
towards  the  limb,  while  all  diverge  but  little  after  the  first. 
The  other  main  trunk  or  trunks  develop  rapidly  and  in  different 
directions,  and  represent  the  different  groups  of  the  higher 
insects.  Whether  they  were  derived  from  one  trunk  or  several 
cannot  here  be  discussed. 

For  years  the  Campodea  theory  rested  at  this  point.  Attempts 
to  trace  relationships  with  Crustacea,  Tardigrada,  and  other 
groups  were  made,  but  no  results  of  value  were  obtained. 
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Ryder  ('80),  however,,  upon  examination  of  Scolopendrella,  a 
little  animal  described  by  Newport  ('44)  as  one  of  the  Chilopoda, 
came  to  the  conchision  that  it  should  be  regarded  as  the  type  of 
a  new  order  of  Articulata,  for  which  he  proposed  the  name 
Symphyla.  This  form  has  come  to  be  regarded  by  many  as  the 
probable  snrvivor  of  the  group  of  animals  from  which  Archen- 
tomon  was  descended,  while  in  our  systematic  works  it  is  in- 
cluded among  the  Thysanura  as  a  suborder  equivalent  to 
the  Oinura  and  CoUembola.  Ryder  ('80)  says :  "  it  may  indeed  be 
looked  upon,  perhaps,  as  representing  the  last  survival  of  the 
form  from  which  insects  may  be  supposed  to  have  descended." 

This  view  is  at  least  sustained  in  part  by  the  anatomy  of 
Scolopendrella.  It  consists  of  a  head  and  thirteen  body  seg- 
ments, each  bearing  a  pair  of  legs ;  the  head  is  flattened,;  the 
antennal  insertion  and  shape  is  as  in  Gampodea;  the  mouth-parts 
consist  of  a  labrum,  mandibles,  maxillse  and  labium ;  the  legs 
each  end  in  a  pair  of  claws,  as  in  insects ;  the  genital  opening  is 
indeed  ventral,  but  is  situated  in  the  anterior  portion  of  the 
fourth  segment ;  a  pair  of  stigmata  situated  on  the  sides  of  the 
head  lead  into  tracheae  which  pass  back  to  the  fourth  body 
segment;  the  intestine  is  straight  and  has  two  Malpighian 
tubules.  These  and  other  anatomical  resemblances  to  the 
Thysanura  have  led  to  a  quite  general  acceptance  of  Ryder's 
opinion,  as  above  quoted,  despite  the  lack  of  division  into  head 
and  thorax,  the  presence  of  functional  legs  on  the  posterior  seg- 
ments, the  abnormal  location  of  the  genital  opening,  and  other 
characters  suggestive  of  Myriapod  affinities.  These  features 
have  been  considered  as  indicating  a  close  relation  between  the 
Myriapods  and  Hexapods. 

Let  us  now  consider  the  Myriapods  with  reference  to  a  possi- 
ble relationship  with  the  Insects.  Here  we  find  the  head  distinct 
from  the  body,  but  no  division  of  the  latter  into  thorax  and 
abdomen.  In  this  regard  Scolopendrella  approaches  the  Myriar 
pods  rather  than  the  Hexapods.  In  the  internal  anatomy  of  tlie 
Diplopoda  (Chilognatha)  the  fusion  of  some  of  the  anterior 
ventral  nerve  ganglia  may  perhaps  be  an  indication  of  thoracic 
and  abdominal  division,  but  external  anatomy  fails  to  confirm 
this  view. 

Perhaps  the  most  noticeable  distinction  between  the  Myriapods 
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and  Hexapods  is  that  expressed  by  the  names  of  the  gronps. 
Those  persons  who  have  attempted  to  derive  the  latter  from  the 
former  have  laid  stress  npon  the  presence  of  abdominal  append- 
ages in  the  embryo  Hexapod,  and  especially  in  mature  Thysa- 
nnra,  where  they  are  regarded  as  having  been  retained  for  spme 
reason  in  the  adult,  though  absent  in  this  stage  in  the  Insects. 
The  presence  of  two  pairs  of  feet  on  most  of  the  segments  of  the 
Diplopoda  has  also  been  called  attention  to  as  indicating  a  vege- 
tative increase  in  the  number  of  segments  and  thus  explaining 
the  divergence  in  the  number  of  segments  of  the  two  groups. 
This  view  as  to  the  original  condition  of  the  segments  has  been 
npheld  by  Balfour  ('80)  and  Packard,  while  Newport  regards  the 
double  segment  as  the  consequence  of  a  partial  fusion  of  two 
which  were  originally  distinct.  Recent  studies  by  Heathcote 
('88)  on  Julus  show  that  the  nerve  cord,  tracheal  and  circulatory 
systems  and  the  segmentation  of  the  mesoblast  indicate  the  cor- 
rectness of  the  opinion  expressed  by  Newport :  the  only  simple 
portions  of  the  segments  are  the  dorsal  plate  and  the  stink 
glands.  Heathcote  considers  each  part  as  representing  a  com- 
plete segment,  but  joined  to  its  fellow  by  the  fusion  of  the  dorsal 
plates. 

Comparative  studies  on  the  Myriapods  appear  to  indicate  that 
the  Diplopoda  are  the  more  primitive,  but  with  a  number  of  sec- 
ondary modifications,  and  that  the  Chilopoda  are  a  quite  diver- 
gent group.  If  the  assumption  of  a  vegetative  multiplication  of 
segments  be  correct,  we  must  also  assume  that  in  the  Diplopoda 
it  has  been  followed  by  a  change  in  the  opposite  direction,  a  ten- 
dency towards  a  reduction  in  the  number  of  these  segments. 
Considering  what  value  should  be  given  to  the  presence  of 
abdominal  appendages  in  Hexapods,  we  find  that  in  insects  the 
appendages  appear  as  small  buds  which  remain  incomplete  and' 
have  but  a  brief  existence.  These  facts  are  discussedi  by  Graber 
('88),  who  regards  them  as  showing  that  the  Insectfr  are  derived 
from  ancestors  with  well  developed  abdominal  appendages  serv- 
ing a  definite  function.  What  this  function  may  have  been  is 
uncertain.  Naturally  the  first  thought  would  be  that  they  were 
true  legs,  but  the  form  of  the  buds  of  the  first  abdominal  segment 
is  sack-like  or  leaf-like  and  gives  not  the  slightest  indication  of 
a  locomotor  function.    This,  however,  Graber  considers  as  being 
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poBsibly  the  result  of  a  eecondary  modification  of  this  pair  of 
appendages.  If  not,  the  view  that  they  were  l^s  must  be  aban- 
doned and  some  other  function  substituted,  such  as  branchial 
respiration,  in  which  case  the  appendages  might  be  interpreted 
as  gills. 

Examination  of  the  appendages  in  the  Thysanura  is  next  in 
order.  This  has  recently  been  accomplished  by  Haase  ('89),  who 
finds  small  abdominal  processes  in  the  Cinura,  CoUembola,  Sym- 
phyla  and  in  a  few  Insects.  The  conclusions  he  arrives  at  are 
that  the  Thysanura  or  their  ancestors  possessed  abdominal 
appendages ;  that  these  became  rudimentary  and  in  many  cases 
entirely  disappeared.  The  present  existing  abdominal  append- 
ages of  the  Thysanura  he  regards  as  not  homologous  with  those 
formerly  possessed.  In  his  own  words :  "  Aus  diesen  Ansichten 
liber  die  allmahliche  Beduktion  der  Abdominalbeine  erhellt 
auch,  dass  die  beweglichen  Griffel  nicht  als  Rudimcnte  von 
Beinen,  sondern  nur  als  diesen  Analoge,  aber  nicht  einmal  bomo- 
sticho  Neubildungen  anzusehen  sind,  die  wohl  auf  besondere 
Entwicklung  paariger  Hinderrandsborsten  auf  den  noch  deutlich 
vorspringenden  Extremitatenresten  zuriickzufuhren  waren." 
Supporting  this  is  a  statement  by  Ondemans  ('89),  of  which  the 
details  are  as  yet  unpublished,  that  Thermophila  funorum,  one 
of  the  LepismidaB,  which,  when  adult,  has  a  pair  of  ^^  zapfenartig  " 
appendages  on  the  ventral  sides  of  the  seventh,  eighth  and  ninth 
abdominal  segments,  is  without  these  in  immature  specimens. 
The  hinder  pair  appear  first,  then  those  of  the  eighth  segment, 
and  finally  the  anterior  pair.  This  is  equally  true  of  both  sexes. 
Oudemans  claims  that  if  these  were  the  rudiments  of  true  legs, 
as  is  usually  claimed,  they  should  appear  more  nearly  at  the  same 
time  and  in  the  reverse  order,  and  therefore  concludes  that  they 
are  not  rudimentary  and  that  they  have  nothing  to  do  with  true 
abdominal  legs.  Another  consideration  is  that  if  homologous 
with  the  abdominal  appendages  of  insect  embryos,  these  last 
appear  at  such  an  extremely  early  period  of  development  that  we 
should  expect  to  find  those  of  Thysanura  appearing  before  the 
adult  condition  is  reached.  In  other  words,  the  tendency  of  a 
character  to  appear  earlier  and  earlier  in  ontogeny  seems  insuf- 
ficient to  account  for  the  great  distance  between  the  embryonic 
.  stage  at  which  these  buds  appear  in  Insects  and  the  adult  condi- 


THE  RELATIONSHIPS  OF  ARTHROPODS.        487 

iion  as  Been  in  forms  differing  in  no  greater  degree  than  do 
Thjsannra  and  Insects. 

Another  featnre  worthy  of  consideration  is  the  embryology  of 
the  Myriapoda.  The  menooirs  of  Newport  ('41)  and  Metschni- 
koff  show  us  that  in  this  group  the  larva  emerges  from  the  egg 
with  less  than  ten  post-cephalic  segments  and  with  three  pairs  of 
well  developed  legs.  Additional  segments  and  appendages 
develop  as  post-embryonic  changes.  If  we  compare  this  process 
with  that  in  Insects  we  find  a  radical  difference.  In  the  Insect 
embryo,  before  hatching,  rudiments  of  appendages  appear  to  the 
nnmber  of  ten  pairs  upon  the  abdomen  (Lepidoptera)  aside  from 
the  usual  thoracic  pairs.  After  hatching,  instead  of  an  increase 
in  the  number  of  segments,  either  no  change  occurs  or  there  is 
a  reduction,  never  an  increase,  while  the  abdominal  appendages 
become  lost  before  the  hatching  takes  place. 

Another  difficulty  is  met  with  in  attempting  to  compare  the 
Appendages  of  the  head  and  thorax  in  the  two  groups,  and  on 
this  subject  I  quote  Moseley  ('84),  who  says :  "  The  young 
Strongylosoma  has  three  pairs  of  functionally  active  legs ;  the 
young  Julus  has  a  similar  number,  the  third  post-cephalic 
somite  being  apodous,  and  it  was  formerly  thought  this  fact 
established  a  connection  between  the  Myriapoda  and  the  Insects^ 
the  three  pairs  of  larval  legs  of  the  Myriapod  being  supposed  to 
correspond  with  the  three  pairs  of  legs  of  Insects.  Such,  how- 
ever, is  not  the  case.  There  being  no  second  maxillae  in  Myria- 
poda, the  first  pair  of  legs  in  the  larva  must  correspond  with 
the  second  maxillse  of  Insects ;  and  even  if  this  could  be  shown 
to  be  incorrect,  the  three  pairs  of  legs  would  still  not  correspond 
with  those  of  Insects,  because  in  the  young  Strongylosoma  the 
second,  and  in  Julus  the  third,  post-cephalic  somites  are  devoid 
of  legs.  Moreover,  the  larvae  are  only  apparently  hexapodous, 
not  in  reality  so.  In  Panropus  there  is  a  hexapodous  larval  stage ; 
in  the  Chilopoda  no  functional  or  real  hexapodous  larval  stage 
occurs,  as  far  as  is  known." 

The  mechanism  of  respiration  in  the  Myriapoda  has  been 
investigated  by  Charlande  ('87)  and  found  to  differ  entirely  from 
that  in  the  Hexapoda,  for  in  the  former  group  no  dilatations  or 
contractions  of  the  body  cavity  capable  of  causing  respiration 
occur  during  repose :  neither  the  stigmata  nor  the  sub-stigmatal 
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membrane  move  in  any  relation  to  respiration,  the  stigmata 
being  wholly  passive.  In  repose  inspiration  and  expiration  are 
caused  wholly  by  rhythmical  movements  of  the  dorsal  vessel :  in 
motion  this  is  aided  by  the  action  of  the  mnscles  on  the  tracheae, 
and  during  digestion  by  movements  of  the  digestive  tract  also. 
In  the  Myriapods  the  antennsa  are  innervated  from  the  brain 
anterior  to  the  portion  innervating  the  eyes,  according  to  Newport 
('43),  but  in  the  Hexapods,  according  to  Kingsley  ('85),  a  diflTer- 
ent  arrangement  apparently  holds.  My  own  observations  fail  to 
confirm  this  last  statement  for  the  Thysanura  at  least,  and  the 
subject  needs  re-examination. 

These  differences  are  so  great,  both  in  number  and  amount, 
that  a  close  relationship  of  the  Myriapoda  and  Hexapoda  appears 
doubtful,  and  the  position  of  Scolopendrella  becomes  more  un- 
certain. We  may  conclude  that  the  weight  of  evidence  negatives 
any  close  relationship  at  least,  and  our  knowledge  is  too  insuffi- 
cient to  determine  whether  there  is  any  relationship  whatever. 

Turning  now  to  Peripatus  we  find,  as  in  the  Myriapods,  no 
division  into  thorax  and  abdomen,  and  that  the  body  is  a  repeti- 
tion of  similar  metameres,  each  with  a  pair  of  appendages.  The 
head  bears  a  pair  of  jointed  antennse;  the  mouth  is  armed  with 
a  pair  of  jaws,  and  is  followed  by  a  pair  of  papillse,  on  which 
open  the  ducts  of  a  pair  of  slime  glands. 

Without  attempting  a  description  of  the  anatomy  of  this 
interesting  animal  some  features  may  be  touched  upon.  In  the 
Insects  we  have  three  pairs  of  mouth-parts,  in  the  Chilopoda 
three,  in  the  Diplopoda  two,  and  in  Peripatus  a  single  pair. 
The  number  of  pairs  of  antennae  is  the  same  throughout.  The 
nervous  system  of  Peripatus  is  unlike  that  of  any  other  known 
Arthropod.  The  supra-oesophageal  ganglion  is  formed  by  the 
fusion  of  two  masses,  as  in  the  other  Arthropods;  but  the  two 
halves  of  the  ventral  nerve  cord,  instead  of  being  fused  and 
situated  on  the  median  line,  lie  quite  far  from  each  other,  and 
are  connected  by  numerous  cross-commissures,  giving  the  entire 
structure  a  ladder-like  appearance.  At  the  posterior  end  the 
two  cords  bend  dorsally  and  unite  above  the  rectum.  The 
sexual  organs  open  to  the  exterior  near  the  posterior  end  of  the 
aniipal  by  a  median  duct.  In  the  Diplopods  the  sexual  organs 
form  a  single  median  mass  opening  to  the  exterior  upon  the  coxal 
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joints  of  the  second  pair  of  legs  by  a  pair  of  duets.  In  the 
Cbilopods  the  organs  are  unpaired,  and  open  by  a  single  duct  at 
the  posterior  end  of  the  body.  The  arrangement  in  Insects  has 
already  been  described  and  its  primitive  condition  considered. 

In  their  development  the  species  of  Peripatus  are  very  anoma- 
lous and  differ  greatly.  In  three  species  Sclater  ('88)  finds  no 
yolk  and  a  total  segmentation :  in  P.  capensis  there  are  indica- 
tions of  a  recent  loss  of  yolk  and  the  segmentation  is  total  or 
meroblastic,  while  in  P.  novsB-zealandisB  there  is  a  great  deal  of 
yolk  and  segmentation  is  meroblastic.  In  P.  capensis  gastrnla- 
tion  is  shown  by  Sedgwick  to  be  epibolic.  The  elongation  of 
the  blastopore  and  its  division  result  in  one  part  becoming  the 
month  and  the  other  the  anus  of  the  ad  alt.  These  and  other 
peculiarities  make  the  task  of  locating  of  this  form  a  difficult 
one.  One  feature  of  the  tracheate  Arthropods  is  the  possession 
of  Malpighian  tubules.  In  Peripatus  these  are  wholly  lacking, 
but  their  function  is  accomplished  by  segmental  organs  compara- 
ble to  those  of  Annelids,  a  pair  of  which  occurs  in  each  of  the 
leg-bearing  segments. 

In  Peripatus  we  find  a  pair  of  slime  glands  derived  from  the 
epiblast  opening  just  behihd  the  mouth.  Whether  these  corres- 
pond with  the  spinning  glands  of  Insects,  already  considered,  is 
uncertain.  They  cannot  be  homologous  with  the  salivary  glands, 
for  a  pair  of  these  is  also  present.  In  Peripatus  they  lead  forward 
and,  as  stated,  open  near  the  mouth  :  in  Insects  this  is  true  of  the 
spinning  glands :  in  Myriapods  Tomosvary  ('84)  has  described 
spinning  glands  which  he  regards  as  epiblastic  invaginations, 
opening  at  the  posterior  end  of  the  animal.  In  Scolopendrella 
Charlande  ('89)  has  described  similar  glands  opening  to  the 
exterior  on  the  extremities  of  anal  appendages,  which  are  con- 
sidered by  Haase  ('89)  as  corresponding  to  the  cerci  of  Insects. 

If  these  glands  are  homologous  structures  in  any  of  these 
groups  their  external  openings  would  be  expected  to  be  at  the 
same  end  of  the  animal.  This  would  class  together  the  Myria- 
pods and  Scolopendrella,  and  Peripatus  and  the  Hexapods — a 
relationship  not  sustained  by  the  other  facts,  at  least  for  the  last 
group.  If  we  remember  that  in  the  Spiders  spinning  glands 
opening  near  the  posterior  extremity  also  occur,  the  conclusion 
appears  to  be  forced  upon  us  that  these  glands  are  not  homolo- 
gous and  are  of  little  phylogenetic  value. 
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Heathcote  ('88),  in  his  Btndies  on  the  development  of  Julns, 
finds  points  of  resemblance  to  Peripatns,  and  in  conclnsion 
remarks  "that  the  Chilopoda  and  Diplopoda  branched  off  from 
some  common  ancestor  not  long  before  the  appearance  of  the 
Archipolypoda,  and  that  both  are  remotely  descended  from  some 
Peripatns-like  stock.''  This  view  would  place  Peripatus  and  the 
Myriapoda  as  distantly  related  forms,  to  which  the  Insects  have 
only  very  distant  relations. 

It  may  be  well  to  consider  here  the  structnre  and  homologies 
of  the  so-called  "  ventral  sacs,"  which  occur  in  Thysanura 
especially.  These  sacs  have  been  studied  by  Haase  ('89)  in 
various  Cinura,  in  the  Diplopoda  and  in  Scolopendrella,  together 
with  the  structures  regarded  by  him  as  homologous  with  them 
in  otlier  groups.  His  conclusion  is  that  in  the  groups  named 
they  are  of  the  nature  of  coxal  glands,  and  that  the  ventral 
vesicle  of  the  Collembola  is  of  the  same  nature,  with  the  addi- 
tion of  a  secretory  function.  The  sacs  have  retractor  muscles 
and  can  thus  be  drawn  into  the  body.  When  extended,  how- 
ever, blood  may  be  seen  flowing  through  them,  and  as  the  devel- 
opment of  these  sacs  and  of  trachese  appears  to  bo  correlated,  the 
increase  of  tracheal  respiration  coinciding  with  a  reduction  of 
the  sacs,  he  regards  these  last  as  blood  gills  (Blutkiemen).  The 
first  pair  of  abdominal  appendages  of  insect  embryos  he  regards 
as  having  also  possessed  this  function  at  some  time,  hence  their 
different  form  from  that  of  the  appendages  which  follow.  He 
also  considers  as  homologous  with  these  the  coxal  or  crural 
glands  of  the  Diplopoda  and  Peripatus. 

A  more  generalized  view  of  the  subject  has  been  taken  by 
Eisig  ('87),  who  believes  that  all  Arthropods  have  structures 
homologous  with  these  sacs.  The  organs  which  he  regards  as 
homologous  are,  in  Peripatus,  the  spinning  (slime)  glands  and 
crural  glands ;  in  the  Myriapods  the  spinning  glands,  part  of 
the  crural  glands  and  the  ventral  sacs ;  in  Scolopendrella  the 
spinning  glands  and  the  ventral  sacs  (which  he  states  are  coxal 
glands)  ;  in  the  Thysanura  the  ventral  sacs ;  in  Insects  the 
spinning  glands  and  the  possibly  existing  coxal  glands ;  and  in 
the  Arachnoidea  the  spinning  and  coxal  glands.  If  this  view  bo 
correct  the  homology  of  the  spinning  glands  of  Insects  with 
cephalic  trachese  is  invalidated. 
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The  relation  of  the  groups  already  considered  to  the  Arachnida 
must  now  be  discussed.  The  most  marked  similarities  are  the 
presence  of  tracheae  or  of  lung-books,  and  of  Malpighian  tubules 
in  all  these  groups. 

The  most  primitive  form  of  aerial  respiration  in  the  Arachnids 
is  by  means  of  lung-books,  as  is  seen  in  the  Scorpions.  In  the 
Spiders  lung-books  and  trachese  may  coexist,  while  in  the  Mites 
only  trachese  are  present  (Schimkewitsch,  '84).  The  origin  of 
the  lung-books  from  involuted  appendages,  hypothetically 
assumed  by  Lankester  ('85),  has  been  corroborated  by  the  obser- 
vations of  Bruce  ('87),  and  "  the  trachesB  of  Arachnids  are  but 
modifications  of  the  pulmonary  organs  [lung-books]  existing  in 
some  of  the  group."  Without  discussing  this  point  farther  I 
would  refer  to  the  writings  of  Lankester  ('86)  and  Kingsley  ('85) 
as  expressing  recent  views  upon  this  subject.  If  then  the  respi- 
ratory organs  of  Arachnids  are  derived  from  the  appendages, 
tracheae  and  unmodified  appendages  should  not  coexist  in  a 
segment.  This  is  the  case,  however,  with  Insects,  and,  as 
already  poitited  out  by  Bruce  ('87),  the  conclusion  follows  from 
these  facts  that  the  tracheae  of  Insects  and  of  Arachnids  are 
probably  not  homologous,  but  analogous  structures. 

As  regards  the  Malpighian  tubules  they  are  described  in 
Insects,  with  but  one  exception,  as  being  derived  from  the  procto- 
daeal  area.  .  Nassonoff  (Schimkewitsch  '84,  footnote),  however, 
states  that  in  ants  the  tubules  of  the  larva  atrophy  and  the  adult 
ones  develop  anew,  as  diverticula  of  the  mesenteron.  Contra- 
dicting, as  it  does,  the  observations  of  all  who  have  examined 
the  Malpighian  tubules  in  Insects,  this  view  must  be  considered 
as  needing  confirmation,  and  for  the  present  the  tubules  may  be 
regarded  as  proctodaeal  and  therefore  epiblastic  in  origin.  In 
the  Arachnids  these  organs  have  been  studied  by  Loman  ('86-'87), 
who  finds  that  in  every  case  they  empty  into  the  mesenteron 
just  anterior  to  the  proctodaeum.  If  in  Insects  they  empty  into 
the  proctodaeum,  we  have  here  as  with  the  tracheae  a  case  of 
analogy  rather  than  of  homology. 

Another  point  of  difference  between  the  Insects  and  Arachnids 
is  the  lack  of  antennae  in  the  latter  group,  where  all  the  append- 
ages appear  to  be  primitively  post-oral,  while  the  antennae  of 
Insects  are  primitively  pre-oral. 
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These  and  other  conBiderations  which  cannot  here  be  enu- 
merated lead  to  the  belief  that  the  Arachnids  have  no  close 
relationship  with  either  the  Hexapods,  Myriapods  or  Feripatns. 

One  group  of  Arthropods  remains  to  be  considered — the  Crus- 
tacea. The  old  opinion  that  all  Arthropods  belonged  to  a  com- 
mon phylum  has  of  late  years  wavered  before  a  growing  doubt  as 
to  the  accuracy  of  this  belief.  The  study  of  the  Hexapods  points 
to  a  form  with  many  segments  as  its  ancestor,  while  the  Myria- 
pods appear  to  have  developed  from  a  form  having  a  much 
smaller  number  of  segments  than  that  possessed  by  the  present 
adult  forms.  Peripatus,  as  we  have  seen,  does  not  agree  well 
with  either  group  in  its  development  nor  in  some  of  its  adult 
features.  The  Crustacea  differ  from  all  these  groups  in  a  number 
of  regards.  Thus  the  proctodseal  excretory  tubes  of  the  Hexa- 
pods and  Myriapods  are  entirely  lacking  here,  the  excretory 
function  being  performed  in  the  higher  forms  by  the  green 
glands  and  in  the  lower  forms  by  the  shell  glands.  The  ap- 
pendages of  the  Crustacea  are  typically  biramous,  while  they  are 
never  so  (with  a  few  doubtful  exceptions)  in  the  other  groups. 
In  the  Crustacea  the  proctodseum  is  usually  formed  before  the 
stomodsBum,  while  in  the  other  groups  the  reverse  is  generally 
true.  Other  anatomical  and  embryological  characters  also  exist 
which  indicate  a  separation  of  the  Crustacea  from  all  the  Trach- 
eata  except  the  Arachnids. 

While  great  differences  between  the  Crustacea  and  Arachnids 
also  occur,  a  number  of  characters  point  to  a  closer  relationship 
of  these  groups  than  of  these  and  the  others.  In  the  Arachnids 
all  the  appendages  appear  to  be  post-oral  in  origin,  and  this 
hojds  true  of  the  Crustacea,  at  least  as  far  forward  as  to  include 
the  second  pair  of  antennse.  ftespiration,  though  branchial  in 
the  Crustacea,  finds  itself  paralleled  by  the  Arachnid  lung-book, 
which  has  already  been  shown  to  be  an  involuted  appendage,  and 
this  appendage,  before  its  involution,  must  have  had  a  branchial 
function.  The  presence  of  mesenteric  tubules  for  excretion  in 
the  Arachnids  corresponds  with  the  presence  of  similar  tubules 
described  by  Spencer  ('85)  as  present  in  the  mesenteron  of  Amphi- 
poda.  The  shell  and  green  glands  of  Crustacea  have  been 
compared  to  the  coxal  glands  of  Scorpio  described  by  Lankester 
('82),  and  to  similar  glands  in  Limulus  and  the  Spiders.    Eisig's 
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Tiew,  however,  would  lead  to  these  glands  being  looked  upon  as 
a  general  Arthropodan  character,  and  therefore  as  of  less  value 
for  the  determination  of  the  relations  of  the  smaller  groups. 

These  and  the  facts  previously  presented  render  a  discussion 
of  Hseckel's  zoea  theory  unnecessary,  and  a  common  ancestor  of 
all  these  groups  must  certainly  have  lived  at  a  period  long  before 
the  appearance  of  such  a  highly  differentiated  form  as  the  Crus- 
tacean zoea. 

Perhaps  the  most  recent  view  as  to  the  relations  of  the  dif- 
ferent groups  of  Arthropods  may  be  expressed  as  follows :  The 
primitive  Arthropod  trunk,  near  its  root,  divided  into  two  great 
branches,  of  which  one  developed  through  the  Phyllopoda,  form- 
ing the  Crustacea,  and  early  giving  off  a  branch  which  developed 
Limulus  and  the  Arachnida.  The  other  great  branch,  through 
Myriapod-like  forms,  developed  the  Hexapoda. 

The  weakest  portion  of  this  view  is  its  tissumption  of  the 
development  of  the  Hexapods  through  Myriapod-like  forms,  and 
those  who  dissent  from  this  view,  while  accepting  the  relation  of 
the  Crustacea  and  Arachnida  as  given  above,  look  upon  the  Hexa- 
pods and  Myriapods  as  independently  derived  from  the  same 
stem  as  the  Crustacea,  with  Peripatus  as  also  an  independent 
branch  of  this  stem  or  as  a  very  early  offshoot  from  the  Myria- 
podan  branch. 

We  now  confront  the  question,  What  is  the  origin  of  the 
Arthropoda  ?  Several  attempts,  all  more  or  less  unsatisfactory, 
have  been  made  to  answer  this  question. 

Assuming  the  monophyletic  origin  of  the  entire  sub-kingdom, 
the  most  primitive  forms  of  the  different  classes  composing  it 
have  been  appealed  to  for  aid  in  the  solution  of  the  problem. 
Embryology  has  also  been  called  upon  to  give  assistance,  for  the 
value  of  ontogeny  as  a  recapitulation  of  phylogeny,  analogical 
only  though  it  may  be,  is  universally  recognized.  In  larval 
stages,  where  the  animal  is  exposed  to  the  struggle  for  existence, 
ancestral  features  may  become  modified  or  concealed  by  secondary 
ones.  Hence,  larval  stages  which  are  ancestral  can  only  persist 
in  an  unchanged  environment.  As  these  changes  have  been  far 
greater  on  land  than  in  the  ocean,  it  follows  that  marine  larvae 
show  more  trustworthy  features  for  phylogenetic  study  than  do 
terrestrial  ones,  and  this  explains  the  importance  of  determining 
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the  ancestral  Cmstacean  for  the  light  it  should  throw  upon  the 
derivation  of  the  entire  gronp  of  Arthropoda. 

The  general  presence  of  a  zoea  larva  in  the  developmental  stages 
of  the  Malacostraca  for  a  time  led  to  the  belief  that  this  larva 
represented  an  ancestral  stage  in  the  history  of  this  gronp. 
More  complete  and  accurate  observations,  however,  showed  that 
BO  definitely  characterized  zoea  larva  oocarred,  the  forms  whidi 
had  been  classed  as  zoeas  being  in  reality  quite  different  and 
beterogeneons  in  difierent  Cmstacea.  These  observations  also 
called  attention  to  the  fact  that  in  many  cases  a  fiimpler  ^^  Pro- 
tozoea"  larva  was  present,  appearing  before  the  zoea  in  onto- 
geny, and  differing  from  the  latter  in  that  it  could  be  clearly 
distinguished  from  other  larval  forms,  even  in  widely  differing 
Crustacea.  As  a  result  of  these  observations  the  zoea  is  no 
longer  regarded  as  ancestral,  but  has  been  relegated  to  the  class 
of  secondary  larv». 

The  significance  of  the  protozoea  is  a  distinct  question*  Its 
slight  variability  in  different  forms,  however,  and  other  reasons 
have  led  to  its  acceptance  as  an  ancestral  form,  but  not  the 
most  ancestral  form  which  ontogeny  has  preserved,  of  the  phylo- 
genetic  development  of  the  Malacx>straca.  That  this  is  true  is 
shown  by  the  fact  that  in  several  widely  different  forms  the  larva, 
which  appears  on  escaping  from  the  egg,  is  not  a  protozoea  but 
a  simpler  form — a  true  Nauplius,  comparable  in  all  respects 
with  the  Nauplius  larva  of  the  Entomostraca.  This  Nauplius, 
having  the  same  characters,  whether  as  a  larval  Decapod,  Cirriped^ 
Phyllopod  or  Oopepod,  is  generally  accepted  as  representing  the 
most  ancestral  stage  which  ontogeny  has  preserved,  and  the  pro- 
tozoea as  representing  a  later  but  also  ancestral  stage.  In  most 
Malacostraca  the  stages  previous  to  the  latter  are  either  omitted, 
or  occur  before  the  escape  of  the  larva  from  the  egg  membranes. 

The  striking  resemblance  of  the  protozoea  to  tlie  adult  Phyl- 
lopods  has  resulted  in  a  modification  of  the  view  that  the  dif- 
ferent groups  of  Crustacea  diverged  from  their  Nauplius  anoestor. 
Claus  ('76)  urges  that  the  Malacostraca  were  derived  from  some 
stage  subsequent  to  the  Nauplius,  which  he  designates  as  the 
Urophyllopod,  and  regards  the  protozoea  as  being  the  onto- 
genetic representative  of  that  form.  This  view  would  explain 
the  resemblance  of  the  Protozoea  and  the  Phyllopoda,  and  place 
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the  Nanplins  as  an  ancestral  feature  common  to  both  branches. 
The  Nanplins  is  therefore  regarded  as  representing  (with  a  few 
secondary  modifications)  the  most  primitive  Crustacean  which 
has  been  preserved. 

In  the  theoretical  portion  of  his  article  on  the  development 
of  Lepidoptera,  Hatschek  (*77)  first  raised  objections  to  this 
view.  He  claimed  that  the  ventral  nerve  chain  of  the  Annelids^ 
Crustacea  and  Tracheata  was  homologous,  and  that  any  phylo- 
genetic  view  which  conflicted  with  this  was  untenable.  This 
was  the  case  with  the  Nauplius  theory,  for,  according  to  that, 
the  Nauplius  represents  an  ancestral  condition  of  the  Crustacea, 
and  as  it  has  no  ventral  chain  this  must  be  a  more  recent  devel- 
opment. But  as  the  Annelids  cannot  have  been  derived  from 
the  Crustacea  since  the  Nauplius,  it  follows  that  the  ventral 
chain  in  Annelids  has  been  independently  acquired  from  that  of 
the  Crustacea.  But  as  the  first  statement  was  that  the  ventral 
chain  is  homologous,  the  Crustacea  must  be  derived  from  the 
Annelids,  and  the  Nauplius  is  secondary.  "  Zweifellos  hatte 
die  Stammforra  der  jetzt  lebenden  Crustaceen  die  Naupliusform 
als  ontogenetische  Stadium  zu  durcblaufen." 

Since  the  publication  of  this  article  quite  a  number  of  bio- 
logical workers  have  become  inclined  to  look  upon  the  Nauplius 
as  a  secondary,  non-ancestral  form.  One  of  the  most  active 
opponents  of  the  Nauplius  theory  is  Lang,  who,  in  his  Text- 
book of  Comparative  Anatomy  ('89),  gives  his  reasons  for  the 
views  he  holds.  These  reasons  he  classifies  as  general  and 
special.  The  general  grounds  for  the  rejection  of  the  Nauplius 
theory  are :  1.  We  know  of  no  animal  which,  in  its  adult  con- 
dition, is  comparable  to  a  Nauplius.  2.  We  ought  not  to  draw 
conclusions  as  to  the  early  phylogenetic  forms  of  any  group  of 
animals  without  farther  knowledge  of  their  early  larval  stages. 

The  special  grounds  he  gives  are  as  follows :  If  the  Nauplius 
theory  be  accepted,  the  origin  of  the  typical  crustacean  organi- 
zation, of  the  segmentation  of  the  body,  of  the  segmented  ventral 
nerve-cord,  and  of  the  segmented  dorsal  heart  remain  unex- 
plained. Then  the  genital  ducts,  with  a  single  exception,  open 
on  portions  of  the  body  which  in  the  Nauplius  are  undeveloped. 

If,  on  the  other  hand,  we  regard  the  Nauplius  as  a  character- 
istic larval  but  not  ancestral  form  for  Crustacea,  it  is  easily 
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explained  bj  the  assumption  of  an  annelid-like  ancestral  form  for 
the  group.  Just  as  the  ancestral  form  of  the  Crustacea  leads 
back  to  the  Annelids,  does  the  larval  Crustacean  lead  back  to 
the  larval  Annelid.  Characters  of  the  adult  appear  earlier  and 
earlier  in  development.  Thus,  in  the  crustacean  larva,  which 
corresponds  to  the  annelid  trochophore,  crustacean  characters 
have  appeared,  viz.  the  three  pairs  of  legs  and  the  dorsal  shield. 
The  new  mode  of  locomotion  bj  the  legs  has  rendered  the  old 
mode  useless,  and  the  ciliated  ring  of  the  trochophore  has  there- 
fore become  lost.  In  the  Nauplius  the  three  pairs  of  appendages 
become  the  three  most  anterior  pairs  of  the  adult.  Why  is  it 
that  these  three  pairs  and  only  these  appear?  The  answer  ia 
that  in  a  young  larva  escaping  from  the  egg  at  a  very  early 
period,  as  is  the  case  with  the  Nauplius,  only  those  organs  can 
have  been  developed  which  are  essential  to  an  independent  life 
and  the  obtaining  of  nourishment.  These  three  pairs  of  append- 
ages serve  for  locomotion  and  also,  in  part,  as  aids  in  capturing 
and  conducting  food  to  the  mouth,  around  which  they  are  situ- 
ated. When  the  egg  has  more  food-yolk  the  larva  escapes  as  a 
Metanauplius  with  the  foundations  (Anlagen)  of  other  append- 
ages. 

As  a  typical  crustacean  larva  the  Kauplius  shows  many  origi- 
nal crustacean  characters,  notwithstanding,  as  the  dorsal  shield, 
the  unpaired  eyes,  the  frontal  sense  organs,  the  special  structure 
of  the  hinder  antennse,  and  mandibles,  etc.  In  conclusion,  Lang 
says:  ^'Der  Nauplius  ist  also  auf  eine  Trochophoralarve  zu 
beziehen,  in  welche  schon  Krebscharaktere  zurtickverlegt  sind, 
sie  ist  ungegliedert,  enthalt  die  Anlagen  des  vorderen  Kopf- 
theiles  der  erwachsenen  Erebse  mit  dem  Munde  und  die  Anlage 
des  hintersten  Leibesendes  mit  dem  After.  Zwischen  beiden 
liegt  eine  embryonale  Bildungszone  von  der  aus  bei  der  Weiter- 
entwickelung  der  Larve  sich  der  ubrige  Korper  anlegt  und  wie 
bei  den  Anneliden  von  vom  nach  differenzirt.  Der  Nauplius 
ist  eine  typische  Krebslarve ;  die  Vorfahren  der  Krebse  besassen 
noch  keine  typische  Naupliuslarve,  noch  weniger  stammen  sie 
von  einer  naupliusahnlichen  Stammform  ab." 

These  conflicting  views  may  now  be  compared  with  and  tested 
by  such  evidence  as  can  be  obtained  from  the  terrestrial  groups. 

As  to  the  Insects,  the  conclusion  reached  was  that  they  appear 
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to  have  been  derived  from  an  ancestor  with  more  than  ten  seg- 
ments, for  reduction  rather  than  increase  of  this  nnmber  is 
observed.  The  reverse  appears  to  be  true  of  the  Myriapoda, 
while  Peripatus  throws  no  light  npon  this  point.  In  the  Arach- 
nida  concentration  also  apparently  occnrs. 

The  general  resemblance  of  the  adnlt  Feripatas  to  the  An- 
nelids, and  the  presence  of  segmentally  arranged  nephridia  hav- 
ing the  same  function  as  in  the  Annelids,  have  given  much 
support  to  the  Annelid  theory.  Perhai)s  the  most  patent  reason 
for  tracing  the  Arthropoda  to  the  Annelids,  however,  is  the 
structure  of  the  body.  As  the  Arthropods  are  composed  of  a 
series  of  metameres  each  bearing  a  pair  of  appendages,  this  fact 
demands  that  the  group  should  be  derived  from  metameric  forms. 
The  only  group  which  seems  to  fulfil  all  the  requirements  in 
this  regard  is  the  Annelida,  and  additional  weight  to  this  view 
is  given  by  the  presence  in  both  groups  of  a  neurocord  (Giant 
Fiber)  present  in  the  nervoKJord. 

To  summarize  the  present  status  of  scientific  opinion.  Many 
regard  the  Arthropoda  as  descended  from  an  Annelid  stock,  and 
reject  the  Nauplius  larva  of  Crustacea  as  being  only  secondary. 
Others  reject  the  Annelid  theory,  at  least  so  far  as  the  Crustacea 
are  concerned,  regarding  the  Nauplius  as  a  phylogenetic  ances- 
tral form,  with  some  secondary  modifications.  They  are  also 
inclined  to  regard  the  Arthropoda  as  a  polyphyletic  group.  A 
third  view  is  that  the  Arthropods  are  derived  from  some  unseg- 
mented  worm ;  while  a  fourth  is  that  the  Crustacea,  Arachnida, 
Myriapoda,  Feripatus  and  Insecta  are  independent  groups  of 
equal  value. 

Without  continuing  this  line  of  thought  farther  here,  we  turn 
to  the  consideration  of  certain  features  which  may  aid  in  phylo- 
genetic speculation.  The  tracheae,  not  being  present  in  any 
group  simpler  than  the  Arthropoda,  as  such,  must  be  modifica- 
tions of  organs  having  some  other  function  in  the  ancestors  of  the 
Tracheates,  as  it  is  inconceivable  that  rudiments  of  trachese 
should  be  of  sufficient  value  for  respiratory  purposes  to  their  pos- 
sessors that  they  should  be  preserved.  Regarding  the  Tracheates 
as  derived  from  the  Annelids,  the  opinion  was  at  first  held  that 
these  organs  were  modified  nephridia,  the  function  of  which  had 
been  usurped  by  proctodseal  diverticula — the  Malpighian  tubules. 


498  H.  T.  FERNALD. 

This  view  has  been  negatived  by  the  discovery  that  the  nephridia 
are  derived  from  the  mesoblast,  while  the  tracheae  are  epiblastic, 
and  b;  the  coexistence  of  nephridia  and  trachese  in  Peripatua. 
Moseley  has  suggested  that  the  trachese  are  homologous  with 
the  cutaneous  glands  of  Bipalium,  Hirudo,  etc.,  while  Sedgwick 
X'84)  advances  the  hypothesis  that  'Hhe  tracheae  were  at  first 
simple  pits  of  ectoderm  in  a  diploblastic  animal,  and  they  gradu- 
ally became  more  complicated  and  branched,  as  the  other  organs 
also  became  more  complicated  and  folded." 

If,  as  has  been  indicated  above,  the  trachese  of  the  Arachnids 
have  arisen  as  modifications  of  the  lung-books,  they  must  either 
have  originated  independently  from  those  of  the  other  Trache- 
ates,  or  these  groups  are  derived  from  the  Arachnids;  the  reverse 
— that  the  Arachnids  are  derived  from  the  other  Tracheates — 
being  disproved  by  their  crustacean  affinities  and  in  other  ways. 
The  derivation  of  the  other  Tracheates  from  the  Arachnids  can- 
not be  accepted  either.  Then  in  Arachnids  and  Diplopods  the 
stigmata  open  in  the  ventral  plates;  in  the  Hexapods  and 
Chilopods,  outside  these  plates,  and  in  Peripatus  they  are  scat- 
tered over  the  entire  surface  of  the  body.  These  differences  of 
distribution  may  indicate  an  independent  origin  of  the  trachesB 
in  the  different  groups.  Emery  suggests  (Grassi,  '86  c,  Am.  Nat 
jRcview)  that  if  the  tracheae  have  arisen  from  diffusely  distrib- 
uted cutaneous  glands,  their  openings  might  be  supposed  to  unite 
with  those  of  the  nephridia  and  thus  gain  a  segmental  arrange- 
ment. 

The  origin  of  the  Malpighian  tubules  has  also  attracted  con- 
siderable attention.  One  view — that  they  are  homologous  with 
tracheae — has  already  been  stated.  Another  is  that  they  are 
modified  nephridia,  but  this  view  has  recently  been  rather  laid 
aside.  Beddard  ('89),  however,  has  recently  described  an  Anne- 
lid— Acanthodrilus — having  irregularly  located  caecal  diverticula 
of  the  gut  which  become  continuous  with  tubes  lying  in  the 
nephridial  network  and  not  distinguishable  from  the  nephridia. 
To  change  these  to  ordinary  Malpighian  tubules,  Beddard  states 
that  it  would  only  be  necessary  to  limit  their  number  and  arrange 
them  regularly.  Their  absence  in  Peripatus  would  be  explained 
by  the  assumption  that  this  secondary  relation  had  not  been 
established  in  that  group. 
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The  presence  of  similar  tubes  derived  from  the  epiblast  and 
from  the  hypoblast  is  a  diflScnlty,  however,  and  leads  to  a  sus- 
picion that  these  excretory  tubes  may  have  been  independent 
developments,  with  no  true  homology  existing  between  them. 

The  origin  of  the  coxal  glands  has  been  treated  of  by  Eisig 
('87).  From  an  examination  of  the  skin  and  ectodermal  glands 
of  the  Gapitellidse,  he  believes  that  from  the  spinning  glands  of 
Annelids  have  developed  the  Annelid  bristle  glands  and  the  dif- 
ferent Arthropod  structures  enumerated  above  as  being  consid- 
ered homologous  by  him. 

Following  the  article  by  Gulland  ('85)  on  the  coxal  glands  of 
Limulus  is  a  note  by  Lankester  on  the  homologies  of  these  glands. 
He  concludes  that  the  coxal  glands  of  Limiilns  have  the  essential 
features  of  nephridia,  like  those  of  Peripatus  and  the  Chsetopoda. 
He  also  regards  the  green  glands  of  Crustacea  as  modified 
nephridia,  and  thinks  that  the  sexual  ducts  of  Arthropods  should 
probably  be  also  so  considered. 

Eisig  ('87)  only  partially  agrees  with  this  view.  As  already 
stated,  he  derives  the  coxal  glands  from  spinning  glands,  while 
he  believes  that  from  the  Annelid  nephridia  have  developed  the 
salivary  glands  and  sexual  ducts  in  Annelids,  Peripatus,  Myria- 
pods,  Scoiopendrella,  Thysanura,  Insects  and  Arachnoids,  and 
probably  also  the  weapon  glands  of  the  Myriapods  and  Insects. 

One  tendency  of  morphology  at  the  present  time  seems  to  be 
to  seek  for  universal  homologies,  oblivious  of  the  principle 
termed  by  Darwin  analogical  variation.  The  argument  of 
Hatschek  given  above  is  an  illustration  of  this  tendency.  Dar- 
win, in  his  Origin  of  Species,  says,  under  this  heading :  "  The 
members  of  the  same  class,  although  only  distantly  allied,  have 
inherited  so  much  in  common  in  their  constitution  that  they  are 
apt  to  vary  under  similar  exciting  causes  in  a  similar  manner ; 
and  this  would  obviously  aid  in  the  acquirement  through  natural 
selection  of  parts  or  organs  strikingly  like  each  other,  independ- 
ently of  their  direct  inheritance  from  a  common  progenitor." 

The  great  differences  of  opinion  as  to  the  origin  and  relation- 
ships of  the  Arthropoda  may,  perhaps,  become  reconciled  through 
this  view,  and  homologies  no  longer  be  sought  for  between  struc" 
tures  which  are  only  analogous.    K  in  some  unsegmented  worm 
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a  slight  variation  should  occur,  the  resnlting  branches  might 
remain  under  nearly  the  same  conditions  and  would  therefore 
possess  nearly  the  same  structure.  Hence  we  might  naturally 
expect  that  development  along  parallel  paths  should  follow.  If 
subsequent  changes  of  environment  occurred,  affecting  these 
branches  in  the  same  manner  and  degree,  the  most  favorable 
variations  ensuing  would  tend  to  be  preserved,  and  these  would 
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probably  be  almost  the  same  in  the  diflferent  branches.  In  this 
way  might  independently  be  developed  the  segmentation  of  the 
body,  the  general  structure  of  the  nerve  chain,  and  other  features 
common  to  Annelids  and  Arthropods.  If  now  changes  of  envi- 
ronment should  occur,  diflTering  between  the  groups,  this  would 
result  in  the  appearance  of  different  variations,  of  which  those 
most  nearly  alike  would,  perhaps,  no  longer  be  most  beneficial  to 
all  the  groups,  and  in  consequence  different  variations  would  be 
preserved  by  natural  selection.  These  divergent  features  once 
present,  farther  changes  of  environment  would  be  followed  by 
a  rapid  divergence  of  the  groups. 

This  view  has  little  or  no  direct  evidence  in  its  favor,  but  in 
the  search  for  homologies  it  should  not  be  forgotten  that  such  an 
analogy  is  at  least  conceivable,  and  if  not  so  far-reaching  as  here 
bypothetically  assumed,  it  may  at  least  explain  some  of  the  less 
important  similarities. 

If  this  hypothesis  were  to  be  fully  accepted,  the  relations  of 
the  groups  concerned  would,  perhaps,  be  that  expressed  in  the 
above  diagram,  in  which  ascending  diverging  lines  represent 
diverging  groups  with  increasing  complexity,  the  horizontal  lines 
little  variation,  and  descending  lines  a  degradation.  The 
branches  of  the  Crustacea,  Insecta,  Arachnida  and  Annelida 
have  not  been  developed  in  the  diagram. 

Baltimoke,  March  4,  1890. 
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EXPLANATION  OF  PLATES. 

Beferekge  Lettebs. 

ab.  app.  Abdominal  appendage,  cut,  Cuticula. 

aL  m.  Alary  muscles.  d.  b.  Dim  band. 

An.  Anus.  d.ph.  Dilator     muscles    of    the 
ant,  w.  Antennal  nerve.  pharynx. 

ao.  Aorta.  e.d.  Ejaculatory  duct. 

B.  G.  Buccal  cavity.  ep.  Epithelium. 
b.  m.  Basement  membrane,  or  tu-  ex.  External  limiting  membrane, 

nica  propria.  F.  O.  Fore  gut. 

b.  n.  Buccal  nerve.  g.  c.  Ganglion  cell. 
bl,  c.  Blood  corpuscles.  g.  r.  Germinal  ridge. 
bl.  8.  Blood  sinus.  ff.  Heart. 

Br.  Brain.  ff.  0.  Hind  gut. 

cal.  Calyx.  h.  s.  Harchensaum. 

c.  c.  Crystalline  cone.  hy.  Hypodermis. 

c.  m.  Circular  muscles.  K.  m.  Krause's  membrane. 

CO.  Cornea.  I.  b.  Light  band. 

cor.  Corneagen.  1.  m.  Longitudinal  muscles. 

c,  r.  Cell  row.  m.  Muscle  fibers. 

c.  t.  Connective  tissue.  m.  a.  Muscle  attachment. 

cu.  Cuticle.  md.  Mandible. 
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m.  ep.  Molted  epithelium. 

mes.  Mesentery. 

M.  t  Malpighian  tubule. 

M.  G.  Mid  gut. 

mz.  Maxilla. 

n.  Nerve. 

n.  c.  Nerve  cell. 

rmc.  Nucleus. 

oc.  Ocellus. 

oc.  n.  Ocellar  nerve. 

<B8,  (Esophagus. 

op.  Ovipositor. 

op.  i  Optic  lobe. 

op.  n.  Optic  nerve. 

0$.  Ostium. 

ov.  Ovary. 

ova.  Ova. 

ovid.  Oviduct. 

p.  Pigment. 


p.  a.  0,  Post-antennal  organ. 

p.  c.  Pigment  cells. 

Ph.  Pharynx. 

Ret.  Setinula. 

Rh.  Rhabdomere. 

r.  8.  Beceptaculum  seminis. 

s.  0.  Sense  organ. 

8.  <B.  g.  Sub-(BSophageal  ganglion. 

sp.  Spermatozoa. 

t.  b.  Tactile  bristle. 

t.p.  Tunica  propria  or  basement 

membrane. 
V.  Valve. 
vac.  Vacuoles. 
vag.  Vagina. 
V.  d.  Vas  deferens. 
Vit.  Vitrella. 
V.  n.  Ventral  nerve  cord. 
y.  Yolk. 


pal.  Palpus. 

The  figures  were  drawn  with  a  Zeiss-Oberhauser  camera  and  a 
No.  4  eyepiece.  The  Zeiss  objective  used  is  stated  in  each  case 
below.  The  drawings  have  been  reduced  in  the  process  of  printing 
nearly  one-half,  but  were  drawn  with  a  view  to  a  reduction  of  but 
one-third.  Figs.  1  to  63,  inclusive,  are  of  Anurida  maritima ;  the 
remainder  are  of  Lepisma  saccharlna. 

Plate  XLVIIL 

FiGUEB  1. — Surface  view  of  the  external  cuticula.    D. 

Fig.  3. — Section  of  hypodermis  and  cuticula.    D. 

Fig.  3. — Vertical,  slightly  oblique  section  of  the  front  of  the  head. 
The  jaws  are  cut  just  behind  their  tips,  and  the  pharynx  is  cut 
almost  tangentially.     Slightly  diagramatic.     G. 

Fig.  4. — Longitudinal  section  of  the  oesophagus.    D. 

Fig.  5. — Gross  section  of  the  oesophagus.    D. 

Fig.  6. — Attachment  of  two  muscles  to  the  body  wall,  showing  th 
modification  of  the  hypodermis  at  that  point.     D. 

Fig.  7. — Fat  body  in  cross  section  of  the  animal,  on  one  side.    D. 

Fig.  8. — Muscle  of  a  leg,  showing  light  and  dim  bands  and 
Erause's  membrane.    D. 

Fig.  9.— Maxilla.    D. 
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Pig.  10.— Mandible.    D. 

Fig.  11. — Surface  view  of  the  mid-gnt,  showing  the  relations  of  the 
muscle  fibers  and  the  epithelium.    D. 

Fig.  12. — Longitudinal  section  of  the  yalve  between  the  oesoph- 
agus and  mid-gut    D. 

Fig.  13. — Gross  section  of  the  same.    Larger  specimen.    D. 

Fig.  14. — Gross  section  of  the  mid-gut  in  the  mesothoraz,  showing 
the  molted  epithelium  not  yet  thrown  ofP.    D.      , 

Fig.  15. — Gross  section  of  the  mid-gut  in  the  third  abdominal  seg- 
ment.   D. 

Fig.  16. — Longitudinal  section  of  the  hind-gut  and  the  yalve 
between  it  and  the  mid-gut    D. 

Fig.  17. — Gross  section  of  the  hind-gut.    Slightly  diagramatic.  D. 

Fig.  18. — Longitudinal  section  of  the  posterior  end  of  the  heart, 
showing  its  connectiYe  tissue-attaching  thread.    G. 

Fig.  19. — Gross  section  of  the  heart  close  to  a  pair  of  ostia  which 
show  faintly  through  the  walls.    ^  in.  immersion. 

Figs.  20-27.  Series  of  camera  outlines  showing  the  relations  of 
heart  and  aorta  to  the  gut.  20,  in  the  metathorax;  21,  in  the  meso- 
thorax ;  22,  in  the  prothoraz,  at  the  valve  between  the  fore  and  mid- 
guts— the  heart  has  now  become  the  aorta ;  23,  just  in  front  of  the 
prothoracic  legs;  24,  at  the  front  of  the  prothorax;  25,  at  the  back 
part  of  the  head ;  26,  a  little  farther  forward ;  27,  just  behind  the 
brain.    G. 

Fig.  28. — Blood  corpuscles.    D. 

Fig.  29. — Gland  cells  in  the  dorsal  posterior  portions  of  the 
head.    D. 

Fig.  30. — Duct  leading  from  these  cells  to  the  lower  lip.    D. 

Fig.  31. — Opening  of  this  duct  upon  the  ventral  surface  of  the 
lower  lip,  at  the  posterior  end  of  the  median  cleft  Not  quite  longi- 
tudinal, hence  not  showing  the  cleft.    -^  in.  immersion. 

Fig.  32. — Gross  section  of  the  median  ventral  tube  leading  from 
the  opening  shown  in  Fig.  31  to  the  abdominal  vesicle,  in  the  region 
of  the  head.     D. 

Fig.  33. — Gross  section  of  the  same,  in  the  mesothorax.    D. 

Fig.  34. — Gross  section  of  the  abdominal  vesicle.  The  cells  have 
separated  from  the  chitin  cuticula  which  covers  them.     D. 

PlatbXLIX. 

Fig.  35. — Gross  section  of  the  brain,  cutting  the  optic  lobes  and 
optic  nerves  leading  to  the  ocelli,  and  showing  the  relation  of  the 
brain  to  the  cesophagus.    D. 
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Fig.  36. — Gross  section  of  the  brain,  in  front  of  the  optic  lobes.  D. 

Fio.  37. — ^Vertical  longitudinal  section  of  the  brain,  on  one  side, 
catting  the  root  of  the  antennal  nerve.    D. 

Fig.  38. — Longitudinal  section  of  a  tarsal  ganglion.     D. 

Fig.  39. — Cross  section  of  the  metathdracic  ganglion,  showing  the 
neryes  to  the  metathoracic  feet.    D. 

Fio;  40. — Surface  view  of  the  metathoracic  ganglion,  from  aboYe, 
with  its  main  nerve  trunks.    D. 

Fig.  41. — Surface  view  of  part  of  the  left  side  of  the  upper  surface 
of  the  head,  showing  the  post-antennal  organ  and  the  ocelli  in  their 
relative  positions.    D. 

Fig.  42. — Vertical  section  of  an  ocellus.    -^  in.  immersion. 

Fig.  43. — Vertical  section  of  a  post-antennal  organ.  The  pig- 
mented tissue  of  the  organ  has  been  removed.    F. 

Fig.  44. — Surface  view  of  a  post-antennal  organ.    D. 

Fig.  45. — Section  of  the  ventral  portion  of  the  fourth  abdominal 
segment,  showing  the  posterior  nerve  cord  and  the  rudiments  of  the 
spring.    D. 

Fig.  46. — Left  antenna,  showing  sense  bristles  and  sense  organ.  0. 

Fig.  47. — Section  of  the  tip  of  an  antenna.  The  hypodermis  has 
shrunk  away  from  the  cuticula,  but  without  breaking  the  nerves  run- 
ning to  a  sensory  bristle  and  to  the  sense  organ.    D. 

Fig.  48. — Camera  outline,  showing  the  form  of  the  sense  organs. 
The  dotted  line  is  seen  on  focusing  deeper.    D. 

Fig.  49. — Cross  section  of  the  testis  of  an  immature  male.    D. 

Fig.  50. — Cross  section  of  a  nearly  mature  testis,  cut  about  on  the 
line  AB,  Fig.  58.    D. 

Fig.  51. — Longitudinal  section  of  the  vas  deferens  and  of  the 
genital  papilla  of  an  immature  male.    D. 

Fig.  52. — Cross  section  of  the  vas  deferens.    D. 

Fig.  53. — Longitudinal  section  (somewhat  tangential)  of  the 
vagina,  oviduct,  receptacnlum  seminis  and  a  portion  of  the  ovary.  D. 

Fig.  54. — Cross  section  of  the  oviduct  and  receptacnlum  seminis. 
D. 

Fig.  55. — Cross  section  of  the  ovarian  tube,  showing  strings  of 
germinal  cells.    Toung  female.    D. 

Fig.  56. — Longitudinal  section  of  the  anterior  end  of  the  ovarian 
tube,  showing  germinal  epithelium.    D. 

Fig.  57. — Longitudinal  section  of  part  of  an  adult  ovarian  tube, 
showing  developing  ova.    D. 
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Plate  L. 

Fig.  58. — Longitudinal  section  of  the  testis,  showing  the  changes 
in  maturation  of  spermatozoa  from  the  condition  shown  in  Fig.  50, 
to  the  adult,  showing  seminal  globules.    D. 

Figs.  59-62. — Gross  sections  of  a  developing  testis,  59  representing 
a  stage  intermediate  between  49  and  50 ;  60,  a  cut  about  along  the 
line  CD,  Fig.  58 ;  61,  a  cut  about  along  the  line  EF,  and  62,  a 
cut  about  along  the  line  GH. 

Fig.  63. — Longitudinal  section  of  the  yas  deferens  of  an  adult 
male.     D. 

Fig.  64. — Ovipositor  and  posterior  end  of  abdomen  of  Lepisma. 
After  Grassi. 

Fig.  65. — Scale  of  Lepisma.    D. 

Fig.  66. — Section  of  hypodermis  and  cuticula,  showing  attach- 
ments of  scales.    D. 

Fig.  67. — Section  of  cuticula  and  hypodermis  at  the  juncture  of 
the  prothorax  and  mesothorax  on  the  dorsal  surface,  with  a  muscle 
attached.    D. 

Fig.  68. — Gross  section  of  a  muscle  bundle.    A. 

Fig.  69.— Mandible.    A. 

Fig.  70. — Maxilla,  with  the  basal  joint  of  the  maxillary  palpus. 

Fig.  71. — Labium.    After  Grassi. 

Fig.  72. — Gross  section  of  the  pharynx.    G. 

Fig.  73. — Gross  section  of  the  wall  of  the  oesophagus.    D. 

Fig.  74. — Gross  section  of  the  wall  of  the  stomach,  with  a  Mal- 
pighian  tube  in  section,  just  external  to  it.     D. 

Fig.  75. — Gross  section  of  the  ileum,  with  three  of  its  supporting 
mesenteries.    G. 

Fig.  76. — Section  of  one  of  the  folds  of  the  rectum,  showing  the 
histological  structure  of  its  walls.    D. 

Fig.  77. — Longitudinal  section  of  a  Malpighian  tube,  showing 
yellowish  granules.    D. 

Fig.  78. — Section  of  a  dense  portion  of  the  fat  body,  showing  also 
the  hypodermis  and  a  tactile  bristle.    D. 

Fig.  79. — Gross  section  of  the  heart  in  the  posterior  region  of  the 
abdomen.    D. 

Fig.  80. — Gross  section  of  the  heart  in  the  metathorax,  showing 
blood  corpuscles  and  nuclei  of  the  muscles  of  the  walls.    D. 

Fig.  81. — Longitudinal  section  of  the  metathoracic  and  first  two 
abdominal  nerve  ganglia.    A. 

Fig.  82. — Longitudinal  horizontal  section  of  the  posterior  end  of 
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the  nerve  cord,  showing  the  sixths  seventh  and  eighth  ganglia. 
After  Grassi. 

Fig.  83. — Gross  section  of  the  protocerebron,  showing  the  anten- 
nal  nerve  and  cutting  the  anterior  edge  of  the  optic  ganglion.    G. 

Pig.  84. — Vertical  section  through  two  ommatidea  of  the  com- 
pound eye.  One  ommatideum  has  been  depigmented;  the  other  has 
the  pigment  left  in  place. 

Fig.  85. — Diagram  of  the  parts  of  an  ommatideum  separated  from 
its  main  axis  and  projected  onto  a  plane,  the  more  superficial  layers 
being  external  to  the  deeper  layers.  Two  of  the  cells  of  the  retinulaB 
have  pigment :  it  is  not  represented  in  the  other  cells. 

Fig.  86. — Diagram  of  the  anatomy  of  the  adult  male  genital 
organs.    After  Grassi. 

Fig.  87. — Diagram  of  the  anatomy  of  the  genital  organs  of  an 
immature  female.    After  Grassi. 
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